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Abstract 

 

Many new medical interventions have been attempted to treat chemotherapy-

induced thrombocytopenia but all have ended up with halts in preclinical phase or 

discontinuation in clinical development, leaving repeated administrations of recombinant 

human interleukin-11 (rhIL-11) the only medicine available together with platelet 

transfusion as the gold standard treatment regimen. This unmet medical need could be 

fulfilled by the novel conjugated rhIL-11, modified with a single 40-KD branched 

polyethylene glycol (PEG) chain linked to the N-terminal amine, thus providing a long-

lasting half-life in vivo, enhanced efficacy and reduced side-effects with regard to 

dilutional anemia in animal studies. 

 To achieve this, a novel, cost-effective and amiable manufacturing process for rhIL-

11 isolated from secretory yeast medium has been attempted and successfully developed. 

This scalable process employed the liquid two-phase extraction of the protein, followed 

by a refolding process and a two-column step purification process comprising a cation-

exchanger and a hydrophobic interaction column in tandem at high sample loads. The 

overall recovery was about 20~25% with a product purity greater than 95% and impurities 

mainly comprised of oxidative rhIL-11. Such a novel process resolved problems such as 

unamiable recovery process, low yield, and N-terminal heterogeneity inherent in the E. 

coli expression system. 

In order to provide sufficient investigational agent for preclinical development 

exploring efficacy and potential toxicity in animal models, a robust process for production 

of the PEGylated IL-11 was successfully optimized and scaled-up, yielding a sufficiently 

large quantity of the medicinal product with consistent quality. The PEGylated drug 

product presented a specific activity at 1.0~1.4x106 U/mg, which carried approximately 
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12~14% residual bioactivity of the unmodified rhIL-11. The drug product was found 

stable at 2~8°C. Deamindation was found to be the primary degradation pathway upon 

long-term storage. The addition of PEG moiety onto rhIL-11 in 1:1 molar ratio did not 

alter its secondary structure of rhIL-11, and the conjugation occurred at the N-terminal 

amine at a high occupancy of 81~86% with the remaining conjugation sites at Lys-174. 

Such a facile and economic approach of qualitative and quantitative determination of 

conjugation occupancy employing stable isotope-dimethylation has not been reported. 

 Preclinical assessment of the pharmacology and toxicology properties of the drug 

was performed employing Sprague Dawley rats and cynomolgus monkeys. 

Pharmacodynamics studies confirmed that a single subcutaneous injection of the drug in 

myelosuppressed rats successfully prevented the occurrence of severe thrombocytopenia 

while exhibited ameliorated dilutional anemia. Non-clinical toxicology studies revealed 

improved toxicity profiles when compared with those treated with un-modified rhIL-11. 

The elimination half-life particularly in monkey was extended to 67 hours, thus making 

monthly clinical regimen feasible. A single exaggerated dose at 15 mg/kg in rats and 6.25 

mg/kg in monkeys elicited reversible adverse events without leading to mortality or 

morbidity. Multiple administration on a weekly basis for continuous 4 weeks at 0.3 mg/kg 

in monkeys was found tolerable and non-immunogenic. Bones were directly affected 

upon receiving the drug, whereas transient toxicities in liver, kidney, heart and lung were 

resulted from fluid retention. The addition of PEG moiety did not elicit additional off-

target toxicities. Preclinical evaluations of pharmacology and toxicology support a safe 

while effective starting dose at 10 μg/kg in human subjects for the planned clinical phase 

I trial, deploying treatment cohorts of the conventional 3+3 design.  
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1 Chapter 1  Introduction 

 

Malignant neoplasm remains a prevalent threat to health as there were 14 million new 

cancer cases and 8.2 million cancer-related deaths worldwide in 2012, and the figure is 

expected to grow steadily by 70% over the next 20 years.1 The mainstay of treatment for 

solid tumor is surgery, particularly when the primary tumor is still localized. Radiotherapy 

or/and chemotherapy are then deployed, when metastasis occurs. Currently established 

radiotherapy applies radiation to malignant tissues by damaging the DNA of irradiated 

cells. Otherwise, chemotherapy a predominant category in anticancer therapy, uses 

cytotoxic agents to kill malignant cells by either inhibiting cell division and/or DNA 

replication. Both approaches affect tumor and health cells indiscriminately. Consequently, 

many patients suffer adverse effects from these treatment options. A prompt recovery 

from adverse events is decisive in an eligibility of taking following chemotherapy cycles, 

which may further improve patient survival. Similarly, therapeutic agents treating severe 

neutropenia and thrombocytopenia caused by low to moderate radiation exposure in a 

radiological/nuclear event are regarded as life-saving medicines. 

 

1.1 CHEMOTHERAPY-INDUCED THROMBOCYTOPENIA 

Myelosuppression, or dysfunction of bone marrow, which is often manifested on 

anemia, neutropenia and thrombocytopenia, is a major adverse side effect during cancer 

therapy. Today tremendous efforts have been undertaken to provide supportive medical 

intervention to patients suffering from the toxicity or adverse events/side-effects of 

radiochemotherapy, which is often managed by administration of various hematopoietic 

growth factors. Lineage-specific hematopoietic growth factors are used to act on 
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hematopoiesis by proliferation and differentiation of hematopoietic progenitor cells. 

Stimulating agents in hematopoiesis become more and more popular and are blockbuster 

drugs in pharmaceutical market owing to the advent of recombinant hematopoietic 

growth factors. For instance in 2015, the worldwide sales of recombinant human G-CSF 

(Granulocyte colony-stimulating factor) treating neutropenia was US$ 5.77 B (Neulasta®  

US$ 4.72 B; Neupogen®  US$ 1.05 B), and erythropoietic stimulating agent treating 

anemia was US$ 4.66 B (Epogen®  US$ 1.86 B; Aransep®  US$ 1.95 B; NeoRecormon®  

US$ 0.37 B; Mircera®  US$ 0.48 B).2, 3 However, medicines for treating chemotherapy-

induced thrombocytopenia remains very limited. Neumega®  (generic name: oprelvekin, 

marketed by Pfizer), the biologic that stimulates the production of platelet is the only 

medicine for the prevention of severe thrombocytopenia. Due to a narrow therapeutic 

index limiting its prevalence, the other medical intervention- platelet transfusion remains 

the gold-standard for the management of chemotherapy-induced thrombocytopenia. 

Nevertheless costly platelet transfusion might present a risk of opportunistic infection and 

is often short in supply due to a short shelf-life (only 5 days under room temperature). 

Neumega® , the sole approved thrombopoietic growth factor used to treat 

chemotherapy-induced thrombocytopenia (CIT) by US FDA in 1997, is the recombinant 

human interleukin-11 (rhIL-11) that is administrated subcutaneously as a single agent at 

a tolerable dose of 10~50 (usually 25) μg/kg/day for continuous 10~21 days until the 

post-nadir platelet count is more than 50,000/µL. It stimulates the accelerated production 

of platelets, and in some cases, neutrophil and red blood cells. Nowadays, rhIL-11 is the 

only medicine for the prevention of severe thrombocytopenia and the reduction of the 

need for platelet transfusions following myelosuppressive radiochemotherapy in adult 

patients with nonmyeloid malignancies that induce a high risk of severe 

thrombocytopenia.4 A low incidence of adverse effects began to occur in healthy subjects 
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and patients receiving oprelvekin at 50 μg/kg/day. Hospitalization is therefore engaged to 

facilitate daily administration and manage the associated side effects. Approximately two-

thirds of patients experience edema and nearly half experience dyspnea, in which the 

development of dose-independent edema is due to the expansion of plasma volume.4 The 

mechanism of plasma expansion remains unclear, and such cardiac and pulmonary 

conditions would continue to worsen due to imbalance of potassium/sodium ions, which 

ultimately resolves on stopping oprelvekin treatment. Therefore there is an unmet medical 

need for patients suffering from chemotherapy-induced thrombocytopenia. 

 

1.2 ACUTE RADIATION SICKNESS 

Since the World War II, there have been five serious events of radiological leakage 

intermittently: the well-known Nagasaki/Hiroshima atomic bombs in 1945 that ended the 

war, the nuclear meltdown in Three Mile Island in USA in 1979, the reactor refueling 

disaster of the Russian submarine K-431 in 1985, the nuclear power plant accident in 

Chernobyl of former Soviet Union in 1986, and the latest Japanese Fukushima nuclear 

meltdown in 2011 (Figure 1-1). Not to mention, there are always increasing threats of 

terrorist attack involving the use of radioactive materials. The toxicity of radiation 

exposure is dose-dependent and the acute radiation syndromes (ARS) begins to emerge 

when the absorbed dose is greater than one Gy (gray). ARS, also known as acute radiation 

sickness, is an acute illness caused by irradiation of the entire body at a high dose in a 

short period of time that can result in the following dose-dependent injuries: (i) > 0.7 Gy, 

depletion of hematopoietic stem cells and progenitors, leading to severe neutropenia and 

thrombocytopenia; (ii) > 10 Gy, severe gastrointestinal tract mucosal damage, and (iii) 

>50 Gy, damaging on cardiovascular and central nervous systems.5 The ARS is a 

combination of clinical syndromes that occur in hours to weeks after exposure, in which 
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the hematopoietic syndrome arrives first after exposure. The syndrome is manifested as 

severe neutropenia and thrombocytopenia that are medical conditions attributed to early 

mortality of untreated individuals in an event of radiation exposure because neutropenia 

inevitably increases the risk of sepsis and death due to opportunistic bacterial infections, 

whilst thrombocytopenia increases the risk of hemorrhage and death due to internal 

bleeding.6 An exposure greater than approximately 8 Gy may cause severe 

gastrointestinal mucosal damage, another major contributor to early mortality and 

morbidity.7 Therapeutic agents treating neutropenia and thrombocytopenia as well as 

accelerating recovery of gastrointestinal mucosal are therefore regarded as life-saving 

medicines for victims with low and moderate radiation exposure.8 Hematopoietic 

stimulating factors including G-CSF, PEGylated G-CSF and GM-CSF (Granulocyte 

macrophage-colony-stimulating factor) are used in the USA strategic stockpile list for 

radiation countermeasure agents in response to radiological/nuclear events, although they 

are not approved by US FDA.9 On the other hand, rhIL-11 exerting hematopoietic activity 

and anti-inflammatory property in gastrointestinal mucosal recovery should also deserve 

more attention as an additional medical countermeasure for radiological over-exposure 

emergencies.8, 10  
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Japan Nagasaki/Hiroshima                      Soviet Union Kyshtym K431 

       Canada Chalk River lab                          Soviet Union Chernobyl 

              Pacific nuclear test   Swiss Lucens reactor       Brazil Goiania 

                    UK Windscale     US Three-Mile Island         Japan Fukushima 

 

Figure 1-1 Occurrence of radiological accidents (INES level ≥ 4) based on INES 

(International nuclear and radiological event scale) classification. Level 4 and above are 

classified as “accidents” with local or global effect; while levels below 4 are “incidents”. 

 

1.3 SCOPE OF THE STUDY 

Although the clinical efficacy of rhIL-11 in patients undertaking chemotherapy 

regimen has been proven clinically effective to prevent severe thrombocytopenia and the 

need of platelet transfusion, it does not completely satisfy the needs and desires of cancer 

patients for two reasons. One is the high risk of adverse events as aforementioned. 

Secondly, repeated administration is not a “patient-friendly” option because it not only 

adds additional cost on hospitalization but also damages patients’ quality of life. 
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Additionally, repeated transfusion adds to potential life threatening reaction and also the 

induction of antibodies against the minor antigens of the platelet that will reduce the 

efficacy of future platelet transfusion. Neumega®  subcutaneously administrated in 

healthy human has a terminal half-life of about 6.9 hours.4 The rapid loss of rhIL-11 after 

administration may be mainly caused by renal clearance. Renal filtration is size-

dependent, and charge-related. As a low molecular weight (about 19 KD) and high 

cationic (isoelectric point about 11) protein, rhIL-11 is rapidly excreted in urine by 

passing through the negatively-charged glomerular filter. A long-lasting version of rhIL-

11 may therefore provide a much more patient-friendly option for cancer patients by 

reducing medical expense and improving quality of life. 

 Moreover in an event of nuclear disaster, frequent injection of life-saving medicine 

limits the application for the treatment of ARS because in an aftermath, massive casualty 

will very likely inundate medical supply and facility, making daily treatment regimen 

challenging. A long-lasting medicine on the contrary not only remarkably relieves the 

burden of medical care system in field, but also reduces early mortality in prodromal 

phase, allowing victims being transferred to unaffected hospitals for treating associated 

syndromes occurred in latent and manifest illness phases.11  

 Strategies extending peripheral circulation half-life of therapeutic protein have been 

developed by engaging covalent modification technologies such as increasing 

hydrodynamic volume by conjugating to polyethylene glycol (PEG) polymers, and by 

engineering glycosylation, Fc- or albumin-fusions.12 The aim of the present thesis is to 

modify the pharmacologic characteristics of rhIL-11 by adding a polyethylene glycol 

moiety, thereby providing prolonged terminal half-life leading to less frequent 

administration and ameliorated side-effects in the clinical settings of chemotherapy-

induced thrombocytopenia and acute radiation syndromes. Neutral, inert and non-toxic 
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properties of polyethylene glycol offer not only the advantages of long-lasting circulating 

half-life but also enhanced stability of the conjugated proteins. The modification is carried 

out with rhIL-11 that has been a FDA-approved medicinal product without the need of 

producing new biological molecules such as using fusion modifications. 

 A large amount of rhIL-11 for the project is acquired in purified bulk from a source 

approved by China FDA in order to accelerate the discovery phase. This study is also 

intended to submit an Investigational New Drug Application to FDA as the PEGylated 

rhIL-11 completes preclinical studies. Meanwhile a production process to recover rhIL-

11 from secretory yeast expression medium has been developed in order to obtain 

medicine registration in other regulatory jurisdiction. Although the technology of 

isolating rhIL-11 from secretory yeast expression has been disclosed, it suffers from 

challenges of low yield, unamiable and costly processes. A second scope of the studies in 

this thesis is therefore, to develop a high-yield, scalable and cost-effective process for 

purifying rhIL-11 from fermentation medium. 

 Still another essential scope of this study is to gather information of pharmacology 

and toxicology in animals owing to predict dose effect on efficacy and safety in human 

subjects. To conduct animal studies on pharmacology and toxicology, and an associated 

stability program to assure product integrity during the whole course of preclinical studies, 

a well-defined and large scale manufacturing process for producing PEGylated rhIL-11 

has been developed. After optimization in laboratory, the lead drug candidate would be 

produced in large scale with adequate controls in a GMP-compliant facility. In addition, 

the produced drug is required to be characterized by physicochemical and biological 

means quantitatively and qualitatively in order to establish a correlation between 

safety/efficacy profile and product quality attributes. Information of preclinical and 

associated studies will be used to draft a clinical trial protocol at the end of the present 
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thesis. 

 

1.4 COMPETITIVE LANDSCAPE 

Several attempts have been undertaken to increase in vivo stability of rhIL-11 while 

maintaining beneficial therapeutic potential but few has provided less frequent 

administration. In an attempt to stabilize rhIL-11, as described in the US Patent No. 

8,133,480, cysteine variants of rhIL-11 were prepared and selected muteins were further 

modified with PEG to increase serum stability. While these modifications have improved 

serum stability or half-life of rhIL-11 to at least some degree, one or more disadvantages 

nevertheless remain, including marginal efficacy in myelosuppressive animals, 

complexity in production, repeated dosing and formulation into injectable solution. 

Because of lacking cysteine residues in IL-11, the ‘480 patent describes insertion of a 

cysteine residue in the C-terminal amino acid sequence, conferring a functional group to 

allow selective conjugation of a thiol-reactive polyethylene glycol chain. Although the 

biological activity was conserved, the introduction of cysteine may yield possible 

intermolecular dimerization and the production yield in insect cells is lower than bacterial 

or yeast production. Additionally the serum half-life of so modified rhIL-11 when 

administrated intravenously in male Sprague-Dawley rats was about 5.6 hr for 40 KD 

PEG conjugate, which is less than desirable. This is perhaps the cause of marginal efficacy 

in myelosuppressive rats, and the need of every-other-day dosing scheme. In another 

example, US Patent Application No. 2010/0098658 reports an IL-11 mutein (mIL-11) in 

association with a polymer (PEG) that exhibited enhanced resistance to acidolysis and 

increased serum half-life. The employed PEG conjugation onto N-terminally truncated 

sequence of IL-11 with 20-KD PEG via amine or amide bonding does not reduce its 

biological activity, but the serum half-life administrated subcutaneously in male Sprague-
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Dawley rats was about 8.5 hr. The efficacy of the conjugate in animal disease model has 

yet to be reported. Still another example is the linear or branched PEG of 20 KD 

conjugating onto amine groups of rhIL-11.13 Such unspecific conjugation often resulted 

in multiple PEGylation via reaction with lysine, histidine, and tyrosine residues as well 

as N-terminal amines. A fourth attempt is the use of albumin-fused IL-11s as described in 

European Patent No. 1704164. Although the terminal half-life was extended (6.7~22.8 hr) 

in subcutaneous administrations, the animal study also suggested effectiveness with 

repeated dosing. All the examples aforementioned very likely will be ended up with 

every-other-day dosing scheme in clinical settings. 

New hematopoietic growth factors other than IL-11 regulating 

megakaryocytopoiesis and platelet production have been exploited for treating 

thrombocytopenia. Two unsuccessful clinical developments were recombinant 

thrombopoietin (TPO, developed by Amgen Inc., Thousand Oaks, CA, USA) and 

PEGylated megakaryocyte growth and development factor (PEG-MGDF, developed by 

Amgen Inc., Thousand Oaks, CA, USA) that both were discontinued in the US due to 

occurrence of neutralizing antibodies in human subjects.14, 15 Recombinant TPO was a 

glycosylated cytokine and was expressed by Chinese hamster ovary (CHO) cells, whereas 

MGDF was expressed in E. coli consisting of the receptor-binding amino acid sequence 

of native TPO. Despite the clinical failures in the US, TPIAO (recombinant human TPO, 

developed by 3Bio Inc.) was approved for therapeutic use by China FDA in 2005. Again, 

in clinical setting such a medicinal product requires daily subcutaneous administration 

for continuous 14 days (Product insert of TPIAO). 

Table 1-1 summarized the second generation of thrombopoietic stimulating agents 

that are being developed in favor of non-immunogenicity with the three following 

attempts:16 (a) TPO peptide mimetics, (b) non-peptide mimetics and (c) TPO receptor 



Modification of Recombinant Human Interleukin-11 to Enhance Pharmacologic Properties and Therapeutic Potential 

 

10 

agonist antibodies. One peptide mimetic-romiplostim (Nplate, formerly known as AMG 

531; Amgen Inc., Thousand Oaks, CA, USA) has survived through various clinical trials 

and has been approved since 2008 in the US and EU. It is a “peptide body” of about 60 

KD consisted of a Fc region of IgG1 with 4 identical TPO-binding peptide sequences 

linked covalently with polyglycine chains. Another successful product is an oral 

deliverable of non-peptide mimetics-eltrombopag (Promacta/ Revolade; 

GlaxoSmithKline, Middlesex, UK) that has been approved since 2007 in the US and EU. 

It is a small hydrazone molecule that binds to the transmembrane domain of TPO receptor, 

leading to initiation of signaling pathways mediated by JAK-STAT, MAPK (mitogen-

activated protein kinase) and PI3K (phosphoinositine 3-kinase) pathways. Nevertheless, 

TPO and TPO receptor agonist are only approved for idiopathic (or immune) 

thrombocytopenic purpura (ITP) as second-line medicines, but not for treating CIT. In 

addition, both present thromboembolic complications resulted from increases in platelet 

counts, which are rarely reported in patients receiving IL-11 treatment. The clinical trial 

phase one for eltrombopag in the prevention of CIT has been terminated in 2011 because 

of being unable to accrue subjects to the study (ClinicalTrials.gov Identifier: 

NCT01491594). The romiplostim in ameliorating chemotherapy-induced 

thrombocytopenia is in the clinical trial stage of phase 2 (ClinicalTrials.gov Identifier: 

NCT02052882). 
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Table 1-1  The summary of second generation thrombopoietic stimulating agents. 16 

Category Drug names Development stage 

Peptide:     PEG linked 

Fab fused 

Fc fused 

PEG linked 

GW395058 Preclinical 

Fab 59 Preclinical 

AMG 531 (Nplate) Approved 

RWJ-800088 Phase I 

Small-molecule Eltrombopag Approved 

AKR-501 Phase II 

LGD-4665 Phase II 

SB-559448 Phase I 

JTZ-132 Preclinical 

NIP-004 Preclinical 

Antibody VB22B sc(Fv)2 Preclinical 

MA01G4344 Preclinical 

 

1.5 IL-11 AS A HEMATOPOIETIC GROWTH FACTOR FOR 

MEGAKARYOPOIESIS 

Platelets (or called thrombocytes) are small cytoplasm fragments derived from 

megakaryocytes, which play essential roles in hemostasis (stop of bleeding) and 

thrombosis (blood clotting). Megakaryocytes are derived from the hematopoietic stem 

cells primarily residing in the bone marrow, that give rise to progressively committed 

progenitors including common myeloid progenitor (CMP) and the megakaryocyte-

erythroid progenitor (MEP)17 (Figure 1-2). MEP then gives rise to erythrocyte and 

megakaryocyte progenitors that further generate megakaryocytes. Megakaryocytes, the 

largest hematopoietic cells in size, release platelets through a series of cell biological 

processes.18, 19  

Many cytokines direct megakaryopoiesis, in which thrombopoietin (TPO) is the 

most essential one throughout the differentiation process. TPO together in concert with 

certain other cytokines such as IL-3, IL-6, IL-11, IL-12, granulocyte-macrophage colony 

stimulating factor (GM-CSF), leukemia inhibitory factor, stem cell factor (SCF) and 
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erythropoietin (EPO), acts on early megakaryocyte progenitors as well as mature 

megakaryocytes.20, 21 One megakaryocyte can produce several thousand platelets with 

circulating life span 8~9 days in human.21, 22 The differentiation of megakaryocyte in 

human requires 3~4 days upon thrombopoietin stimulation, followed by additional 12 

hours for platelet release, that overall maintains a normal level of approximate 200 

(ranging150~400) x 109 platelets/L.23 Whereas in rodents such as rats exploited in this 

project, complete megakaryopoiesis and release platelet in 2~3 days with a circulating 

life 4~5 days.19 The normal platelet count for rats is generally more excessive, ranging 

approximately from 800~1,200 x 109 platelets/L.24 

 

 

                Lymphopoiesis                           Myelopoiesis            Erythropoiesis Megakaryopoiesis 

Figure 1-2 The hematopoietic hierarchy illustrating the development of different cells 

from hematopoietic stem cells to mature cells.17  

 

1.5.1 Human interleukin-11 

The molecular cloning and expression of human interleukin-11 was achieved during 

the study of stromal cell-derived hematopoietic cytokines in 1990.25 Expressed by bone 
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marrow stromal cell as well as many other cells (as seen in Table 1-2 & 1-3), it is a 

multifunctional growth factor whose primary function is to stimulate hematopoietic 

development such as megakaryopoiesis and thrombopoiesis, as well as other non-

hematopoietic effects such as osteoclastogenesis and neurogenesis.26, 27  

 

Table 1-2  Expression sources of interleukin-11.26, 27 

Endogenous expression 

sources 

CNS: 

Hippocampal neurons 

Spinal motor and sympathetic neurons 

Astrocytic glioblastoma 

Thymus 

Myeloid 

Lung 

Fibroblast, Epithelial, Muscle cells 

Bone 

Fibroblast 

Osteoblast 

Bone marrow stromal cells 

Connective tissues 

Chondrocyte, synoviocyte 

Vein endothelial cells 

Uterus 

Fibroblast 

Trophoblast 

Endometriotic & endometrial tissues 

Skin 

Keratinocyte 

Sarcoidosis 

Testis 

Round spermatids 
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Table 1-3  Inducers, receptors and functions of interleukin-11.26, 27 

Physiological inducers Thrombocytopenia 

Respiratory viruses 

Endogenous inducers IL-1 

TGF-β 

TNF 

Parathyroid hormone 

Calcium ionophores 

Phorbol esters 

Receptor sites Megakaryocyte progenitors 

Myeloid cells 

Lymphocytes 

Osteoclasts/osteoblasts 

Endometrial cells 

Ovarian epithelial cells 

Gastric mucosal cells 

Nerve cells 

Anterior pituitary cells 

Some cancer cell lines 

Hematopoietic effects Regulates production of megakaryocytes and platelet 

Stimulates erythropoiesis 

Regulates macrophage proliferation and differentiation 

Non-hematopoietic 

effects 

Anti-inflammatory 

Mucosal protection 

Bone resorption 

Inhibition of adipogenesis 

Neuronal regulation 

 

1.5.1.1 Structure of human IL-11 

Human IL-11 is a member of interleukin-6 ligand superfamily localized in the long 

arm of chromosome 19 at band 19q13.3-q13.4.27 Besides IL-11, IL-6 family of cytokines 

include IL-6, leukemia inhibitory factor, ciliary neurotrophic factor, oncostatin M, 

cardiotrophin-1, IL-27 and IL-31, all engaging homo- or heterodimer of gp130 as one of 

their receptors.28 
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Primary structure 

Human precursor of native IL-11 sequence contains 199 amino acids with its initial 

N-terminal 21 amino acids as a leader sequence.29 Mature human IL-11 is a non-

glycosylated polypeptide rich in proline residues and absent in cysteine residue, 

comprising 178 amino acid residues. It is longer than the recombinant version of human 

IL-11 in length by one proline reside in the initial N-terminus (Figure 1-3). A lack of N-

terminal proline does not reduce bioactivity either in vitro or in vivo.4 Due to rich 

positively charged residues (14%), IL-11 is a unique basic molecule with a calculated 

isoelectric point at 11.7. When aligned with amino acid sequences of rat and mouse, 

mature human IL-11 shares 87.6% homology as shown in Figure 1-4, 29-31 suggesting 

active in murine that was employed in the studies of the present thesis. 

 

0         10          20          30          40           50          60 

PGPPPGPPRVS PDPRAELDST VLLTRSLLAD TRQLAAQLRD KFPADGDHNL DSLPTLAMSA 

                         Helix A 

          70          80           90        100         110         120 

 GALGALQLPG VLTRLRADLL SYLRHVQWLR RAGGSSLKTL EPELGTLQAR LDRLLRRLQL 

               Helix B                              Helix C 

         130         140         150         160         170  

 LMSRLALPQP PPDPPAPPLA PPSSAWGGIR AAHAILGGLH LTLDWAVRGL LLLKTRL 

                                      Helix D 

 (Average molecular mass of sequence 1-177 amino acid: 19,047 Da) 

 

Figure 1-3 Amino acid sequence of the native human interleukin-11. The 

recombinant version of human IL-11 lacks the N-terminal proline. Underlines highlight 

sequences of helical structures. 
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Human--1 PGPPPGPPRVSPDPRAELDSTVLLTRSLLADTRQLAAQLRDKFPADGDHNLDSLPTLAMS 

Rat----1 PGPPAGSPRVSSDPRADLDSAVLLTRSLLADTRQLAAQMRDKFPADGDHNLDSLPTLAMS 

Mouse--1 PGPPAGSPRVSSDPRADLDSAVLLTRSLLADTRQLAAQMRDKFPADGDHSLDSLPTLAMS 

  

Human--61 AGALGALQLPGVLTRLRADLLSYLRHVQWLRRAGGSSLKTLEPELGTLQARLDRLLRRLQ 

Rat----61 AGTLGSLQLPGVLTRLRVDLMSYFRHVQWLRRAAGPSLKTLEPELGALQARLERLLRRLQ 

Mouse--61 AGTLGSLQLPGVLTRLRVDLMSYLRHVQWLRRAGGPSLKTLEPELGALQARLERLLRRLQ 

 

Human--121 LLMSRLALPQPPPDPPAPPLAPPSSAWGGIRAAHAILGGLHLTLDWAVRGLLLLKTRL 

Rat----121 LLMSRLALPQAAPDQPAVPLGPPASAWGSIRAAHAILGGLHLTLDWAVRGLLLLKTRL 

Mouse--121 LLMSRLALPQAAPDQPVIPLGPPASAWGSIRAAHAILGGLHLTLDWAVRGLLLLKTRL 

 

Figure 1-4 Amino acid sequence alignment of rat, mouse and human IL-11 protein.  

Amino acid residues different from human are underlined. Mature IL-11s of mouse and 

rat origin both have 87.6% of sequence identity with that of human origin. 

 

Secondary/Tertiary structure 

Showing little homology in amino acid sequence with other cytokines of the IL-6 

superfamily, the three-dimensional structure of IL-11 is however very resembled to that 

of other family members. The high-resolution structural information of IL-11 was 

resolved by X-ray crystallography in 2014, exhibiting a compact four-helical core motif 

in an up-up-down-down configuration (Figure 1-5)32 that is associated mainly by 

hydrophobic interactions.33 IL-11 is believed to bind to two receptors: IL-11 α-receptor 

(IL-11Rα) and β-receptor glycoprotein 130 (gp130, also called IL6ST), eliciting signal 

pathways after oligomerization of IL-11 with receptors.34 First, the IL-11 binds to the 

membrane-anchored receptor, IL-11Rα, with low affinity. Then the complex of IL-11 and 

IL-11Rα together interact with the gp130 to form a stable heterotrimer which is elaborated 

in Figure 1-6. 
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(A)                                            (B) 

      

Figure 1-5 Schematic representation of the crystal structure of rhIL-11. (A) The 

secondary structure of IL-11 is displayed as stereo view. Structural information of non-

core N-terminal sequence is not illustrated. (B) Topology model of IL-11, as helices are 

designated in alphabetical order. Protein data bank entry: 4mhl. 

 

1.5.2 Activities and biological functions of IL-11 

IL-11 shares the same gp130 receptor with other IL-6 family members to elicit signal 

transduction pathway. Prior binding to gp130, each IL-6 family member binds to its 

corresponding receptors that induces association of gp130. Once binding of IL-11 to 

receptors, a hexameric complex is associated consisting of 2 protein complexes each of 

IL-11, IL-11Rα and gp130 (figure not shown).34 Subsequently, the heterotrimer associates 

with one another to form the hexameric complex that induces downstream signal pathway, 

predominately mediated by the Jak/STAT (Janus kinase/ signal transducer and activator 

of transcription) family pathways.28, 35 The C-terminal helix is the receptor binding site I 

involving association with IL-11Rα, while the N-terminal helix, as well as positively 

charged Lys-41 and Lys-98 contribute to the binding site II primarily associated with 

gp130.33, 36 
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P represents phosphorylation.       Initiate Downstream Signal Pathway 

Figure 1-6 The symbolic diagram showing signaling pathways elicited by IL-11. It is 

initiated by (i) IL-11 binding to the IL-11Rα with low affinity, followed by (ii) 

heterodimerization of IL-11 and IL-11Rα that binds to the gp130, forming a stable 

heterotrimer. The complex induces downstream signal pathway via the Jak/STAT pathway, 

which is the major intracellular signaling pathway activated, leading to transcription of 

specific target genes. For illustrative purpose, heterotrimerization is not plotted in the 

figure. 
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IL-11 is a pluripotent cytokine with biological activities on various cells by 

accelerating cell cycle from entry of a quiescent phase (G0) to active cell proliferation. In 

the respect of hematopoietic effect, IL-11 alone or with other growth factors act on 

progenitor cells of hematopoiesis including alone or in synergy with IL-3, thrombopoietic 

(TPO) or SCF to stimulate megakaryocytopoiesis and thrombocytopoiesis; alone or in 

combination with IL-3, SCF or EPO to modulate erythropoiesis; alone or in combination 

with SCF to stimulate myelopoiesis; and in combination with SCF or IL-4 to support 

lymphopoiesis [Reviews27, 37]. IL-11 directly mediates the differentiation and 

proliferation of bone marrow stem cells and megakaryocyte progenitor cells leading to 

the production of platelets. 

In the respect of non-hematopoietic effects, IL-11 may also acts on endothelial cells, 

osteoclasts, hepatocytes, cardiac myocytes and cardia fibroblasts, due to the presence of 

IL-11 receptors [Reviews35, 38]. One attractive non-hematopoietic feature is the 

mechanism to promote anti-inflammatory activities in intestines by reducing the pro-

inflammatory cytokines such as tumor necrosis factor α and interleukin-12 from activated 

macrophages.39 IL-11 is also demonstrated effective in animals with gastrointestinal tract 

ischemia and mucosal recovery,8, 40 oxygen radical-induced lung damage,41 

gastrointestinal-inflammatory diseases, 42, 43 and cardiovascular diseases. 44 
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1.6 PROTEIN MODIFICATION WITH POLYETHYLENE GLYCOL 

POLYMER 

 

1.6.1 History of conjugation with polyethylene glycol 

After successful modification of protein using polyvinyl alcohol, carboxymethyl 

cellulose and polyvinylpyrrolidone in the 1960s and 1970s, methoxypolyethylene glycols 

(mPEG) were first conjugated onto bovine serum albumin in 1977, using cyanuric 

chloride as the coupling agent (Figure 1-7), that resulted in an extended half-life in 

circulation system from 12 to 48 h with less immunogenicity. 45 
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Figure 1-7 Chemical process of conjugating protein onto amines with 

methoxypolyethylene glycols using cyanuric chloride as the coupling agent. (a) The 

production of activated mPEG; and (b) the conjugation onto protein’s amino group. 

 

PEGylation is the addition of polyethylene glycol (PEG) moiety that has been used 

in pharmaceutical application leading to the first PEGylated protein drug- Adagen 

(pegademase bovine, Sigma-Tau Pharmaceuticals) in 1990. Developed and manufactured 

by Enzon Pharmaceuticals, Inc., it is used to treat X-linked severe combined 

immunogenicity syndrome, as an alternative treatment to bone marrow transplantation. 
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To date, there are 11 PEGylated protein therapeutics approved by US FDA (Table 1-4). 

Not only proteins, PEGylation has also been applied to small molecules and delivery 

systems, such as Movantik (PEGylated naloxol, approved in 2014, AstraZeneca), 

Omontys (PEGylated erythropoietin analog, approved in 2012 and recalled in 2013, 

Affymax and Takeda), and Macugen (PEGylated anti-vascular endothelial growth factor 

aptamer, approved in 2004, Bausch & Lomb) as examples of small molecules’ 

modification. On the other hand, Doxil/Caelyx (doxorubicin HCl liposome, Janssen 

Product), the first drug delivery example of PEGylation using liposome encapsulating 

doxorubicin, was approved in 2001.  
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Table 1-4  PEGylated biotherapeutics approved by US FDA in chronological order 

until 2016.46, 47 

Product name (Protein 

name) 

Company, 

launch year 

Indication(s) 

Adagen (Adenosine 

deaminase) 

Enzon, 1990 Severe combined immunodeficiency 

disease (SCID) 

Oncaspar (L-

Asparaginase) 

Enzon, 1994 Acute lymphoblastic leukemia 

PEG-Intron 

(Interferon alfa-2b)- 

This product was 

developed by one of 

my mentors, Prof. 

Johnson Lau. 

Schering-

Plough/Enzon, 

2000 

Chronic hepatitis C and hepatitis B 

Pegasys (Interferon 

alpha-2a) 

Hoffmann-La 

Roche, 2001 

Chronic hepatitis C and hepatitis B 

Somavert (human 

growth hormone 

antagonist) 

Pfizer, 2002 Acromegaly 

Neulasta (G-CSF) Amgen, 2002 Chemotherapy-induced neutropenia 

Mircera 

(erythropoietin) 

Hoffmann-La 

Roche, 2007 

Anemia associated with chronic kidney 

disease 

Cimzia (Anti-TNFα 

Fab’) 

Nektar/UCB, 

2008 

Rheumatoid arthritis and Crohn's disease 

Krystexxa 

(mammalian urate 

oxidase) 

Savient, 2010 Gout 

Plegridy (PEGylated 

interferon beta-1a) 

Biogen Idec, 

2014 

Relapsing forms of multiple sclerosis 

Adynovate 

(PEGylated 

Antihemophilic Factor 

VIII) 

Baxalta, 2015 Treatment of Hemophilia A 
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1.6.2 Properties of PEG 

1.6.2.1 Physicochemical properties 

PEG, otherwise known as polyoxyethylene (POE) or polyethylene oxide (PEO) if 

molecular mass larger than 20 KD has the following general chemical structure: 

H-(OCH2CH2)n-OH 

It is a synthetic polymer in a wide range of molecular sizes, having amphiphilic 

characteristics that renders it being soluble in both water and in many organic solvents 

such as ethanol, dimethyl sulfoxide (DMSO) and chloroform. Many PEGs for protein 

conjugation are monomethoxy PEG (mPEG) referring to one functional group at the other 

end for conjugation. A general chemical structure of mPEG is illustrated as follows. 

CH3O-(CH2CH2O)n-CH2CH2-X, where X is a functional group. 

The physical properties of PEG or mPEG are contributed by respective chain length 

and structure form. Low molecular PEGs (<1,000 Da) are generally viscous and colorless 

liquid while high molecular PEGs are waxy or of white solids. Because of nontoxic and 

inert nature, PEG has a wide spectrum of applications in chemical, biological, and 

medicinal industries. Medicinal applications in particular, FDA has approved for use in 

pharmaceutical excipients, carrier, food and cosmetics.  

PEG is produced as a result of anionic ring opening polymerization that yields a 

spectrum of length distributed as a Gaussian function. Three average molecular weights- 

Mp (molecular weight of the highest curve), Mn (number-average molecular weight) and 

Mw (weight-average molecular weight) are addressed to describe the property of 

molecular mass as defined in the following formula: 

Mn = ΣNiMi/ΣNi =ΣWi/Σ(Wi/Mi) = Σhi/Σ(hi/Mi)            Eq. 1-1 

where Wi and Ni are the weight and number of molecules of molecular weight Mi, and hi 

is the curve height at the ith increment.  



Modification of Recombinant Human Interleukin-11 to Enhance Pharmacologic Properties and Therapeutic Potential 

 

24 

Mw =ΣNiMi
2/ΣNiMi =ΣWiMi/ΣNiMi = ΣWiMi/ΣWi =Σ(hiMi)/Σhi   Eq.1-2 

A polydispersity index (PDI) is as a result defined by 48 

PDI = Mw/Mn.             Eq. 1-3 

Typically a PDI in a range between 1.02 (low molecular weight <5 KDa) or 1.10 

(high molecular weight 5~50 KDa) is considered a homogeneous distribution and 

qualified for pharmaceutical use.49 

The PEG polymer is mainly bonded by single chemical bond, allowing a flexible 

backbone chain to rotate and tumble freely in solution. Therefore the hydrodynamic 

radius of PEG in solution is relatively larger than protein of comparable molecular size 

which has a compact and folded structure. For instance, the hydrodynamic radius of a 20 

KD linear PEG is about 3~3.5 nm as determined by Dynamic Light Scattering,50 whereas 

that of a globular protein of comparable molecular weight is about only half (1.6 nm). 

Due to its strong hydration and flexibility, a PEG chain in solution renders a structure of 

dynamic random coil.  

 

1.6.2.2 Pharmacokinetics and toxicity of PEG 

Pharmacokinetics is the quantitative study of biological processes in absorption, 

distribution, metabolism and excretion (ADME), an essential part of Investigational New 

Drug Application, of a compound in the time course after administration in a living body. 

The absorption by oral and topical routes of PEG is molecular weight-dependent, in a 

reverse relationship. After intravenous injection to mice, PEG is accumulated in muscle, 

skin, bone and liver to a higher extent.51 The metabolism and clearance of PEG has been 

extensively investigated and thoroughly reviewed; 52 in view of this, a brief summary is 

provided as follows. Although it is not biodegradable, small PEG molecules (<400 Da) 

can be degraded by alcohol dehydrogenase resulting in non-toxic metabolites. Normally 
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PEG clearance in body is molecular weight dependent, as a size less than 20 KD is 

eliminated in urine while larger molecular mass PEG is cleared in feces in a slow manner 

without structural change. The rate of elimination of PEG and metabolites by gallbladder 

and kidney in mammals is molecular weight dependent. For example, PEG is excreted in 

urine through passive glomerular filtration in kidney in a size-dependent fashion, with a 

clearance rate remarkably reduced when the molecular weight exceeding 20 KD. Biliary 

excretion also occurs with hepatic clearance and is again size-dependent, that is, small or 

higher molecular sizes exerting increased hepatobiliary clearance. 

The toxicology of PEG with various administration routes in different animals have 

been investigated and reviewed thoroughly, suggesting good tolerance in vivo and neither 

mutagenicity nor carcinogenicity.52 As exposure to PEG is considered safe, the 

physiologically inert compound is widely applied to many industries such as excipient in 

medicines, toothpaste, shampoo, foods and drinks in daily consumable products.  

 

1.6.3 Pharmacokinetics of PEGylated proteins 

1.6.3.1 Pharmacokinetics of therapeutic proteins 

Distinct from small molecule chemical drug, protein therapeutics are exclusive to 

parenteral administrations, such as intravenous, subcutaneous, or intramuscular delivery. 

Pulmonary delivery was once available such as inhalable insulin- Exubera (inhalable 

insulin, Pfizer) in 2006 but it was withdrawn shortly in the same year. Many factors 

attributed to pharmacokinetics of protein therapeutics have been studied and thoroughly 

reviewed;53, 54 in light of this respect, a brief summary is given below. In general, 

therapeutics proteins are transported throughout body via systemic circulation systems 

consisted of cardiovascular and lymphatic systems. The distribution of protein in body is 

often limited by the physicochemical characteristics and structure of molecule, as well as 
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physicochemical properties of capillaries responsible for transendothelial passage. In 

addition, specific receptors of tissue will also determine the distribution of biomolecules. 

Biodistribution of macromolecule via subcutaneous route primarily transports drug to 

blood veins indirectly through the lymphatic system, and the lymphatic recovery favors 

more negatively charged molecule than positively charged protein of the same molecular 

weight, being proportional to molecular weight up to 19 KD. Once taken by cells, proteins 

may be degraded by proteolytic enzymes to peptides or amino acids that can be reutilized 

in the synthesis of endogenous proteins. The loss of protein after subcutaneous 

administration may partly be responsible by proteolysis and lymphatic uptake. Besides, 

renal clearance primarily accounts for an excretion pathway, in which renal filtration is 

size-, and charge-dependent. Because the glomerular filter is negatively-charged due to 

abundant heparan sulfate, a negatively charged glycosaminoglycan that contributes to the 

electrostatic barrier of the glomerular filter. That is, large and anionic molecules tend to 

be retained more and prolonged in body than small, neutral or cation compounds. 

Additionally, liver also partly contributes to metabolism of proteins. 

 

1.6.3.2 Pharmacokinetics properties of PEGylated protein  

Polypeptide drugs possess several drawbacks limiting their clinical applications, for 

example susceptibility to proteolytic digestion, short circulating half-life, low solubility, 

rapid kidney clearance and their propensity to generate neutralizing antibodies. New 

approaches have been undertaken to modify existing drugs by providing better 

pharmacologic properties that translate into a benefit in terms of patients’ quality of life. 

A successful example is the chemical linkage of water soluble polyethylene glycol chain(s) 

onto protein drugs. PEGylated proteins share many pharmacologic properties with their 

unconjugated counterparts. Their comparative studies have been conducted and 
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reviewed.54, 55 In consideration of their advantageous features, a summary is presented 

below. Hydrophilic PEG moiety helps solubilize hydrophobic proteins in physiological 

condition. Adding high hydration and flexible PEG molecule onto protein confers protein 

longer half-life in circulation system and shields off chemical and enzymatic degradation. 

Moreover, bulky PEG also masks protein from antibody recognition that eventually 

reduces a likelihood of immunogenicity. On the contrary, the major disadvantage of 

PEGylation is the reduced in vitro bioactivity since PEG molecule also prevents the 

interaction of protein with ligand/receptor by steric hindrance. Nevertheless, in vivo 

efficacy may be enhanced as a result of constant exposure to receptor/ligand in the 

presence of therapeutic agent in peripheral circulation system. For instance, PEGylated 

interferon α-2a (Pegasys, Hoffmann-La Roche), the bioactivity of PEGylated interferon 

carries only 7% but in vivo antiviral activity lasts over 2 days, compared to just half a day 

for its unPEGylated counterpart.56 In general, the escalated in vivo efficacy is a result of 

trading off for reduced in vitro activity. 

 

1.6.4 Chemistry of protein PEGylation 

1.6.4.1 First-generation PEGylation chemistry 

PEGylation is taken place by reacting a suitable derivative on PEG molecule with 

reactive functional groups on proteins. Besides N-terminal amine and C-terminal 

carboxylic acid, typical reactive groups of protein include amines of lysine, proline, 

histidine, glutamine and arginine; thiol of cysteine; hydroxyls of serine, threonine, and 

tyrosine; and carboxylic acids of aspartic acid and glutamic acid. To prevent harsh 

chemical conditions damaging protein integrity and activity, conjugation of protein is 

preferably carried out in a mild condition, usually involving coupling amino groups of N-

terminal and lysyl amines (Figure 1-8). Due to lacking selectivity of amino acid, the first-
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generation of PEGylation results in a heterogeneous pool of positional isoforms. Two 

commonly used first-generation PEGylation reagents are succinimidyl carbonate (Figure 

1-8-b1) and benzotriazole carbonate (Figure 1-8-b2), both yielding stable carbamate 

bonds by reacting with lysyl amines in basic conditions (pH >7).  
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Figure 1-8 A series of first-generation of PEG reagents for non-selective conjugation 

chemistry, linking onto amino groups.57 
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A unique example of this conjugation is PEGylated interferon-alfa-2b (Pegintron, 

Schering-Plough), developed by one of my mentors, Prof. Lau. Taking the advantage of 

pKa of 6 exerted by histidine’s ε amine, interferon is linked with a linear 12 KD 

succinimidyl carbonate-PEG predominantly onto amine of histidine (> 50%) at a slightly 

acidic condition, forming an unstable urethane (or imidazolecarbamate) linkage (Figure 

1-9).57 The unstable bond provides an advantage of so-called “controlled-release” that 

allows a bioactivity fully restored once the PEG molecule is released in vivo.  
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Figure 1-9 Linking succinimidyl carbonate-PEG onto histidine residue of protein at a 

slightly acidic condition.57 

 

Another acylation reagent for controlled-release using first-generation PEGylation 

is succinimidyl succinate (SS-PEG, Figure 1-8d). After conjugation, the PEG backbone 

contains additional ester linkage that is highly susceptible to hydrolysis whose rate is 

dependent on the distance between the active ester and the last PEG ether.  

 

1.6.4.2 Second-generation PEGylation chemistry 

The second generation is evolved to create a selective and stable conjugation. The 

first example is mPEG-propionaldehyde that is selectively labeled onto G-CSF’s N-
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terminal amine (Figure 1-10). The aldehyde reactivity at acidic pH (~pH 5) is favored to 

N-terminal α-amine due to its relatively lower pKa (~9.2) than other nucleophiles such as 

lysyl ε-amine (~10.5). 58 Although complete selectivity is not achieved, the heterogeneity 

of positional isoform is remarkably reduced. 
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Figure 1-10 Reductive amination for aldehyde-functionalized PEG reacting with 

amine via Schiff base. 

 

1.6.4.3 Selective PEGylation chemistry on cysteine residue 

The thiol group of cysteine is an attractive target to achieve a site-specific 

PEGylation while maintaining biological activities if the modification does not alter 

structure and the modified cysteine does not participate in biological activity.57 One 

additional cysteine residue may be inserted onto protein sequence by genetic engineering 

in order to provide a selective conjugation site but it has a drawback of forming incorrect 

disulfide linkage and possible protein dimerization. Four PEG derivatives have been 

designed for cysteine conjugation (Figure 1-11), namely maleimide, vinylsulfone and 

iodoacetamide that are all reactive to thiol groups forming stable thioether bonds, while 

orthopyridyl disulfide (OPSS) reacts with free thiol, creating reducible disulfide linkage. 

Instead of specific conjugating on free cysteine residues, disulfide linkages may be 

reduced and subsequently crosslinked with bis-alkylation.59 This technique does not 

require the insertion of a new cysteine nor does it remarkably alter the activity of protein 
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because the disulfide bond fundamental to maintaining structure remains crosslinked. 

Compared to disulfide bond, the linkage is more resistant to reduction by intracellular 

glutathione, whose concentration is usually 100~1,000X higher than that in the 

extracellular domain. 
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Figure 1-11 Thiol reactive PEGylation with various functionalized PEG. (a) maleimide; 

(b) vinyl sulfone; (c) iodoacetamide; and (d) orthopyridyl disulfide (OPSS). 

 

1.6.4.4 Other PEGylation chemistry 

PEG-hydrazide reacts specifically with C-terminal carboxylic group of protein in the 

presence of N-(-3-dimethylaminopropyl)-N’-ethylcarbodiimide hydrochloride (EDC HCl, 

CAS No. 25952-53-8) at pH 4~5.5.60 Adding PEG molecule on arginine was reported 

using PEG-phenylglioxale but the non-selective reaction requires long incubation time 61. 

PEG-isocyanate (N=C=O) is able to conjugate on hydroxyl group of protein forming a 

stable urethane bond (N-CO-O) but it presents a drawback of random conjugation on 

amines of protein, leaving it more applicable to non-peptide moieties such as small 

molecule drugs.62 
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Orthogonal chemistry has been recently developed in order to achieve 

chemoselectivity, that dramatically improves the syntheses of functional materials, and 

the self-assembly of nanoscale structures.63 Such a technology is now widely adopted to 

protein conjugation and has been reviewed;64 in light of this, a summary is given as 

follows. C-terminal thioester and N-terminal cysteine can be conjugated via the ‘native 

chemical ligation” (NCL)65 which is designed to link two peptides via native peptide bond. 

A modified approach, auxiliary mediated ligation (AML), involves an auxiliary thiol 

group at the N-terminus to replace the thiol of cysteine.66 New approaches of selective 

PEGylation utilizing orthogonal chemistry depend largely on unnatural amino acids 

(UAAs) that contain azide- or alkyne-amino acids as functional sites for PEGylation.67-72 

To date, one lead drug utilizing the technology by incorporating an unnatural amino acid 

(p-acetyl-phenylalanine) is ARX201 (PEGylated recombinant human growth hormone, 

Ambrx Inc.) that has successfully achieved Phase 2b clinical studies in 2007.73 

 

Releasable PEGs 

Reversible (or releasable) PEGs (rPEGs) are emerged as an attractive tool to 

conjugate protein if the modification is deleterious to biological activity. It basically 

deploys the concept of controlled-release as PEG moiety is gradually discarded to release 

protein’s active form. Early attempts of releasable bonds utilized disulfide linkers that are 

readily cleavable in the presence of reducing agent. For example, elevated concentration 

of glutathione in cells dominates the cleavage process in vivo. Another releasable PEG 

employs succinimidyl succinate (Figure 1-8d) which is also susceptible to hydrolysis 

whose rate is dependent on the distance between the active ester and the last PEG ether. 

However the labile ester-based linker is hydrolyzed leaving a residual tag on polypeptide 

sequence. Traceless releasable PEGs therefore provide a new horizon for PEGylation 
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technology by re-activating therapeutic agent after hydrolysis of bulky PEG molecule in 

a controlled manner engaging benzyl elimination (BE) or deamindation mechanism of 

bicin linker.74  

 

1.6.5 Varied architectures of PEG for protein conjugation 

In addition to linear form, branched PEGs (Figure 1-12) offer an additional 

advantage as a bulkier “shielding” effect than the linear ones by blocking protein-protein 

interaction. It is also noticed that the branched moiety may reduce the solution viscosity 

at high concentrations. A branched or a comb-like PEG also mimics the characteristics of 

glycosylation that is presented in eukaryotic organism. It is therefore believed that a 

branched architecture is more effective at protecting peptides from proteolysis, while 

reducing immunogenicity. PEG structures of US FDA-approved PEGylated 

biotherapeutics to date is summarized in Table 1-5, in which three (Neulasta, Plegridy 

and Cimzia) out of 10 are specific conjugation onto a single site; and two (Pegasys and 

Cimzia) out of 10 are conjugated with branched PEG forms. 

Architectures of PEG influence not only biological activity but also dosing regimen, 

as demonstrated by head-to-head comparative studies of PEGylated interferon-α-2. 

Pegasys (PEGylated interferon alpha-2a, Hoffmann La-Roche) was conjugated with a 

single branched 40-KD PEG chain on multiple lysine residues. Pegintron (PEGylated 

interferon alfa-2b, Schering-Plough) was conjugated with a single linear 12-KD PEG 

chain on multiple residues, with His-34 being the most abundant (43%), followed by Cys-

1 (13%) and around another 10~13 minor species. The pharmacokinetic parameters of 

both conjugates are summarized in Table 1-6.75 In brief, larger PEG (as Pegasys carries) 

results in a longer serum half-life and smaller volume of distribution than smaller PEG 

conjugate (as Pegintron carries). The smaller volume of distribution suggests drug 
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distribution confined to the intravascular fluid, and thus it determines the dosing regimen 

of 180 μg/week for Pegasys rather than on a dose-per-weight basis as it is for Pegintron. 

Although two versions of PEGylated interferon-alpha-2 impart distinct pharmacokinetics, 

the clinical effectiveness and safety profile of the two drugs are alike.75, 76 
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Figure 1-12 Two examples of branched PEG structures with NHS derivatives. (a) 

two-armed (folk shape), and (b) four-armed (comb shape). 
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Table 1-5  PEG structures and functional groups for conjugation of FDA-approved 

PEGylated protein drugs. 46, 47 

Product name 

(Protein name) 

PEG 

size 

PEG 

shape 

Functional group Sites of attachment 

Adagen 

(Adenosine 

deaminase) 

5 KD Linear NHS (N-

hydroxysuccinimide) 

Nonspecific multiple 

on Lys, Ser, Tyr, and 

His 

Oncaspar (L-

Asparaginase) 

5 KD Linear NHS Nonspecific multiple 

on Lys, Ser, Tyr, and 

His 

PEG-Intron 

(Interferon alfa-

2b) 

12 KD Linear NHS Non-specific with 

around 43% on His 

34 

Pegasys 

(Interferon alpha-

2a) 

40 KD Branched NHS Single Lys 31, 121, 

131 or 134 

Somavert (human 

growth hormone 

antagonist) 

5 KD Linear NHS 4~6 sites on 

nonspecific Lys and 

N-terminal Phe 

Neulasta (G-CSF) 20 KD Linear Aldehyde Single N-terminal 

Met 

Mircera 

(erythropoietin) 

30 KD Linear NHS Single Lys 52 or 46 

Cimzia (Anti-

TNFα Fab’) 

40 KD Branched Maleimide Single C-terminal 

Cys 

Krystexxa 

(mammalian 

urate oxidase) 

10 KD Linear p-

nitrophenylcarbonate 

Nonspecific single 

on Lys 

Plegridy 

(PEGylated 

interferon beta-

1a) 

20 KD Linear Aldehyde Single N-terminal 
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Table 1-6  Pharmacological comparisons of two PEGylated interferon-alpha-2 in 

human subjects via subcutaneous administration.75 

Characteristics Pegintron (PEGylated 

interferon alfa-2b) 

Pegasys (PEGylated 

interferon alpha-2a) 

PEGylation  Single conjugation of 

linear 12 KD onto 

various sites 

Single conjugation of 

branched 40 KD onto 

various lysine sites 

Residual antiviral bioactivity 28% 7% 

Dose  1.5 μg/kg/week 180 μg/week 

Tmax (h) 15-44 80 

T1/2 absorption (h) 4.6 50 

T1/2 elimination (h) 27.2-39.3 61-110 

Volume of distribution (L) 31-73 (similar to 

interferon-alpha-2) 

6-14 

 

Another example of PEG architecture by contrary favors short but multiple 

PEGylation. Somavert (PEGylated human growth hormone, Pfizer) is produced by 

reacting 5-KD PEG onto multiple amino sites (2~7, average 5). As regulatory approval 

requirements are becoming stringent, PEGylated product is required to be a consistent 

and uniform mixture of PEG isomers (whenever possible). Single N-terminal conjugation 

of hGH with various PEG lengths and shapes were therefore created to compare head-to-

head with Somavert, suggesting that a single 5~40 KD PEG with either linear or branched 

form has (i) shorter plasma half-life, and (ii) less efficacy than the multiple 5-KD 

PEGylated (single 40-KD-PEG branched resulted in weight gain of 102% vs. 132% for 

multiple 5-KD PEG).73 It also suggests that clearance for PEGylated human growth 

hormone (hGH) is size- and attachment number-dependent. The clinical trial of the single 

N-terminal 40-KD branched PEGylated hGH was discontinued at phase II trial due to 

occurrence of lipoatrophy at injection site.77 

 Examples aforementioned imply that there is no rule-of-thumb in developing a 

protein conjugate imparting optimal architecture and length of PEG molecule as well as 
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conjugation site for providing an enhanced pharmacologic characteristic. As a result, 

rhIL-11 of the present study was modified and screened from conjugates with various 

PEG forms and lengths during discovery phase. 
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2 Chapter 2  Process Development for 

Producing the Recombinant Human 

Interleukin-11 from Yeast Culture 

 

ABSTRACT 

Current source of rhIL-11 is isolated from a fusion protein expressed by E. coil that 

requires additional enterokinase to remove linked protein, resulting in product 

heterogeneity of N-terminal sequence. Due to lack of glycosylation, rhIL-11 is very 

suitable to be expressed by yeast cells compared to other hosts such as costly and low 

productive mammalian cells, as well as the aforementioned fusion E. coli expression 

system. However the only commercially available yeast-derived rhIL-11 presents an 

obstacle in low production yield, as well as an unamiable process, such as the use of 

reverse phase chromatography employing plenty of toxic organic solvent. Investigation 

indicated that the low yield was due to self-aggregation of IL-11. A novel process 

recovering active rhIL-11 from yeast secretory medium therefore has been developed and 

demonstrated in sub gram scale. The first step involved yeast fermentation, followed by 

a two-phase extraction to precipitate rhIL-11. After refolding procedures, the protein of 

interest was purified by a two-column step of chromatographic procedures comprising a 

cation-exchanger, and a hydrophobic interaction chromatography in a tandem at high 

sample loads that was facile in future scale-up. The final purified bulk was obtained at 

high purity containing acceptable oxidative rhIL-11, with an overall recovery of about 

20~25%, which is reasonable from a commercial angle. Identity and quality assessments 

suggested expected amino acid sequence without N-terminal heterogeneity, as well as 

high quality in potency and purity.  
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2.1 INTRODUCTION 

The first molecular cloning and expression of human interleukin-11 used the cDNA 

library generated from PU-34 cell line in 1990.37 The cDNA was translated into a 

predicted polypeptide containing 199 amino acid residues with initial 21 residues as a 

leader sequence. In order to achieve a massive production, therapeutic proteins are 

produced by recombinant DNA technology using various expression systems such as 

bacterial, fungal, insect or mammalian cells. If glycosylation is not a concern, prokaryotic 

bacterial cells provide a number of advantages in expression heterologous genes, 

including simple, cost-effective and rapid fermentation, as well as high yield. The FDA 

approved therapeutic proteins such as recombinant human interferon alpha, growth 

hormone and granulocyte colony stimulating factor are produced using E. coli cells as a 

host. However very often heterologous proteins are either not expressed or expressed as 

a form of inclusion bodies that are required a refolding process to restore bioactivity. If 

glycosylation of the protein is a critical component, eukaryotic insect cells and 

mammalian cells are used to carry out more complex post-translational modifications, e.g. 

recombinant human erythropoietin and therapeutic monoclonal antibodies are generated 

by Chinese hamster ovary (CHO) cells. Nevertheless, the production is costly due to 

lengthy culturing process and expensive media. Advances of producing therapeutic 

protein using transgenic livestock such as the recombinant human antithrombin-α, an 

anticoagulant agent, provide an alternative choice that is becoming more feasible recently. 

Despite its attractiveness in replacing anticoagulant agent isolated from animal blood, 

issues regarding animal origin, glycosylation pattern and immunogenicity remain 

concerns that have limited acceptance by regulatory authorities.78  

The first expression of recombinant human IL-11 was undertaken by Genetic 

Institutes Inc. but the attempt of exploiting bacterial Escherichia coli expression system 
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was not successful. To solve the problem, a housekeeping protein- thioredoxin was fused 

in the N-terminus of rhIL-11 protein, resulting in successful expression in 1997 as an 

intracellularly soluble fraction.79 A suitable oligopeptide susceptible to be cleaved 

enzymatically or chemically was designed by linking the fusion protein and the rhIL-11. 

Neumega is the result of bovine enterokinase cleavage, leaving a lack of one amino 

residue in the N-terminal sequence. Recombinant human IL-11 was subsequently purified 

using ion-exchanger and hydrophobic interaction chromatography to remove the fused 

protein and other impurities. Although the one amino acid deficient polypeptide does not 

impair bioactivity, the most critical disadvantage of using fusion expression in E. coli is 

the difficulty in controlling digestion condition, possibly resulting in N-terminal 

heterogeneity. Similarly, successful expression in E coli., an N-terminally truncated rhIL-

11 mutein was reported by ViroMed Co. Ltd. using glutathione-5-transferase fusion 

protein.80 The mutein rhIL-11 was released by thrombin treatment and recovered by size-

exclusion chromatography.  

Alternatively, an example of expression for rhIL-11 mutein with additional cysteine 

residue in C-terminus was reported using insect cell line Sf-9 producing IL-11 in a 

secretory form.81 The low expression of rhIL-11 from insect cell culture was isolated 

using anti-FLAG antibody affinity gel from supernatant of culture media. 

Yeast is the simplest eukaryotic organism that also shares similar advantages as 

bacteria such as its rapid growth. Yeast expression of heterologous protein presents 

additional attributes of eukaryotic systems such as proper refolding and absence of 

endotoxin. Proteins glycosylated with high-mannose type pattern by yeast cells may 

reduce serum half-life of protein and additionally render immunogenicity that altogether 

limit its application in biopharmaceutical use. Amino acid sequence of rhIL-11 does not 

contain asparagine-linked nor O-linked glycosylation sites, providing a favorable protein 
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to be produced by yeast expression system. A successful expression of rhIL-11 in Pichia 

pastoris with amino acid sequence identical to Neumega was reported in 2001, followed 

by isolation with ion-exchange and hydrophobic interaction chromatography to recover 

IL-11.82, 83 Later, in order to achieve high product-purity with a large-scale capability, the 

cation exchanger was replaced by a reverse-phase column chromatography.84 However, a 

reversed phase column media presents hurdles such as low protein-binding capacity, easy 

blockage, poor regeneration, and expensive materials. Furthermore, due to the large 

amount of organic, explosive and toxic solvent involved (such as acetonitrile), an 

explosion-proof in the manufacturing facility is required, thus adding additional cost on 

manufacturing. More importantly, acetonitrile denatures protein at high concentration, 

possibly leading to damaged bioactivity of products.  

 In the present study, PichiaPinkTM Expression System from Invitrogen was used for 

establishing stable rhIL-11 high-level expressing clones in secretory manner. The vector 

expresses α-mating factor pre-sequence from Saccharomyces cerevisiae, which is a short 

signaling peptide guiding recombinant protein to extracellular medium. A special feature 

of PichiaPinkTM Expression System is the use of ADE2 gene promoter and gene product 

for selection of high copy number clones. Mutation of ADE2, the gene responsible for de 

novo biosynthesis of purine nucleotides, results in accumulation of purine precursors that 

turns the colony to be red/pink in color. The expression strains are ade2 auxotrophs which 

are unable to grow on medium lacking adenine. Transformation of expression host with 

plasmids enable the strain to grow again on medium lacking adenine, and the short ADE 

promoter sequence will facilitate the screening of clones with high copy number 

integrated. Colonies with low copy number are in pink; whereas white colonies are high 

copy number clones. 

The current process of producing recombinant human IL-11 in yeast using Pichia 
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pastoris suffers a hurdle of low expression level as well as low product yield after 

purification. ELISA quantitation of expression level in medium was always 

underestimated (90% reduction) as compared to SDS-PAGE analysis against references 

of known quantity. This was perhaps the reason it was first reported based on SDS-PAGE 

to determine expression productivity without ELISA data. Therefore it is speculated that 

the low yield is probably due to misfolding or aggregation that requires organic solvent 

in reverse-phase column to denature protein and renature as the content of organic solvent 

reduced. The secretory, soluble but misfolded rhIL-11 has not been reported, as misfolded 

protein is believed to be aggregated intracellularly or salvaged for degradation.85 The 

present study is concerned with the expression and purification of recombinant human 

IL-11 using Pichia pastoris expression system and its isolation from yeast fermentation 

medium without the use of reverse-phase chromatography. 
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2.2 MATERIALS AND METHODS 

 

2.2.1 Materials and reagents 

The construct of pUC57 vector harboring rhIL-11 gene (pUC57-IL11) was 

purchased from GenScipt Biotech Corporation. PichiaPinkTM Expression System 

(#A11152, A11154) was acquired from Invitrogen Life Technologies. Restriction 

enzymes and polymerases for clone construction were purchased from FastDigest 

enzymes of Thermo Fisher Scientific. Anti-foam 204 (#A6426), yeast nitrogen base 

without amino acid (#Y0626) were procured from Sigma-Aldrich. Reference standard of 

rhIL-11, derived from yeast was provided by Hangzhou Jiuyuan Gene Engineering 

Company (Lot# 20121005/1006/1007/1008 & 20150402). Reagents and materials for 

immunoblotting, including 8-16% gradient SDS PAGE (#25268), StartingBlock Blocking 

Buffers (#37579), Blocker™ Casein (#37583), transfer buffer methanol free (#35045), 

TBS Tween 20 buffer (#28360) and 1-step ultra TMB (#37574), Gibco®  2-

mercaptoethanol (#21985-023) and the Novex Tris-Glycine 16% polyacrylamide gels 

(XP00162BOX) were purchased from Thermo scientific. Human IL-11 Affinity Purified 

Polyclonal Goat IgG (#AF-218-NA) and Donkey anti-goat IgG HRP affinity purified 

polyclonal (#HAF109) were procured from R&D systems. 7TD1 murine myeloma cell 

fused with C57Bl/6 spleen cell, was acquired from DSMZ (No. ACC 23). Trypsin of 

sequencing grade, modified from bovine pancreas (Cat. No. 11418025001) was 

purchased from Roche diagnostics. Mouse IL-11 receptor alpha (Cat. No. MBS553276) 

was acquired from MyBioSource, Inc. CellTiter 96®  Aqueous Non-Radioactive Cell 

Proliferation Assay (MTS) (Cat. No. G5430) was purchased from Promega. RPMI 1640 

(#SH30255.01), HI FBS (H#SH30071.03HI), Strep/Pen (HYCLONE, USA, SV30010) 

were purchased from HYCLONE, USA. The Purification resins-Capto S (Product code 

17-5316-10), Capto Q (Product code 17-5441-01) and Butyl HP (Product code 17-5432-
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01) were procured from GE Healthcare Life Sciences. Trifluoroacetic acid (Cat. No. 

302031) and acetonitrile (Cat. No. 34967) for HPLC operation were purcahsed from 

Sigma-Aldrich. Polyethylene glycol 8000 (#408050010), DL-methionine (#125652500) 

and guanidine hydrochloride (#364790025) were procured from Acros Organic. 

Ammonium sulfate (#11566) was acquired from Alfa Aesar. Phytone peptone (#210931) 

of non-animal origin was procured from BD Biosciences. 

 

2.2.2 Cloning and cell banking of rhIL-11 expressing yeast clone 

Recombinant human IL-11 gene, containing the gene of α-factor signal peptide was 

synthesized and cloned into pPINKα-HC yeast expression vector using standard 

procedures by Dr. Felix Shek of Nansha Biologics (Hong Kong) Ltd. The resulting 

recombinant vector was transformed into the protease deficient strain by electroporation 

for generation of stable clones. About 40 clones from each transformation were picked 

and screened for their high IL-11-expression by visual inspection of expression intensity 

on SDS-PAGE, with Coomasie blue staining. A western immunoblotting, with a rhIL-11 

specific antibody confirmed the identity. To ensure consistent expression in quantity and 

quality, a cell master banking followed by a working cell banking have been expanded 

after clonal purification by passage of 4 generations of the selected clone pPINKS2-IL11-

24. The master and working cell banks are stored at -80oC for long-term storage. 

 

2.2.3 High-density fermentation 

One-liter fermentation system (BIOSTAT® B Bioreactor, Sartorius) was used for 

assessing the rhIL-11 expression level of the selected clone in high cell density culture 

using fed-batch fermentation. The fermentation was begun with inoculation of a 15-mL 

MGM (minimal glycerol medium; 0.2 µm filtered) medium lacking adenine with a 

thawed vial from the working cell bank. Composition of MGM is as follows: 
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      1.34% Yeast nitrogen base without amino acid 

      1% glycerol 

      4 ppm biotin 

After culturing in 30°C with shaking at 250 rpm for 20 hours, it was used to 

inoculate a 100-mL BSM (fermentation basal salts medium) with 0.5% phytone peptone 

(pH 5) for additional 48 hours. Compositions of BSM is prepared as follow. 

Composition of BSM: 

Glycerol (50%) 80 mL 

Phosphoric acid (28%) 26.7 mL 

Calcium sulphate 0.9 g 

Magnesium sulphate 14.9 g 

Potassium hydroxide 4.1 g 

Potassium sulphate 18.2 g 

Phyton peptone 5.0 g 

PTM1 Trace salt 4.4 mL 

Add water to a final volume 1 L 

The pH of the broth was adjusted to 5.0, and filtered PTM1 Trace salts was added 

slowly to avoid precipitation. PTM1 trace salts were prepared as followed. 

Composition of PTM1 Trace salts: 

Cupric sulfate-5H2O 6.0 g 

Sodium iodide 0.08 g 

Manganese sulfate-H2O 3.0 g 

Sodium molybdate-2H2O 0.2 g 

Boric Acid 0.02 g 

Cobalt chloride 0.5 g 

Zinc chloride 20.0 g 

Ferrous sulfate-7H2O 65.0 g 

Biotin 0.2 g 

Sulfuric Acid 5.0 mL 

Add water to a final volume 1 L 

 

Next, 600 mL fermentation basal salts medium (BSM), containing 0.5% (w/v) soy 

phytone peptone was mixed with 500 µL anti-foam in a 1-L vessel, that was subsequently 

inoculated with the freshly cultured seed cells during glycerol batch phase under the same 
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culturing condition. The dissolved oxygen level- pO2 value was maintained at 80% by 

adjusting stirring speed and air-inlet flow set at 0.3 L/min. In the glycerol-fed batch phase, 

50% glycerol was fed to the vessel at a limiting rate of 6 mL/hr/L to boost growth. Cell 

density was monitored by measuring the OD 600 nm at different time points until OD 

reached about 180-200. During this phase, the pO2 value was maintained at no less than 

30% by increasing stirring rate and air-inlet flow. The expression of rhIL-11 was induced 

in methanol-fed batch by feeding 30% (v/v) methanol at 5.5 mL/hr/L for initial 4-5 hours, 

followed by 50% (v/v) methanol at 5.5-9 mL/hr/L. The pO2 value was maintained at no 

less than 20% by increasing stirring rate and air-inlet flow. The medium was harvested 

after induction for 48-72 hours. 

 

2.2.4 Protein content of rhIL-11 

Expression level of the rhIL-11 expression clone 

The protein content of expression level was determined by visual inspection against 

intensities of reference standards on the same SDS-PAGE because the value was always 

underestimated by ELISA due to presence of misfolded IL-11s that were largely 

undetected by antibodies. Alternatively, it was quantified with the software of 

densitometry- GelQuant.NET (version 1.8.2) provided by BiochemLab Solutions. 

Accurate quantitation of expression level was also achieved using RP-HPLC. 

Secretory rhIL-11 in medium was precipitated by adding 8% (w/v) PEG-8000 and 

collected after centrifugation. The pellet was resuspended in pH 8 sodium phosphate 

buffer containing 7 M guanidine hydrochloride. After removing the insoluble particulate 

by centrifugation, the expression productivity was calculated by comparing integrated 

area against a reference standard of a known concentration using the following 

chromatographic procedures for RP-HPLC operation: 
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 Column: PLRP-S column (Agilent), 8 μm, 2.1 x 150 mm, 300 Å  pore size, 

equipped with a guard cartridge; 

 Mobile phase A: 0.1 %(v/v) TFA in water; Mobile phase B: 0.1 %(v/v) TFA in 

90%(v/v) acetonitrile; 

Gradient: 

Time (min) A% B% 

0 100 0 

1 100 0 

2 70 30 

33 25 75 

33.1 10 90 

35 10 90 

35.1 100 0 

50 100 0 

 Flow rate: 0.2 ml/min. 

 Detection: 215 nm. 

 Injection volume: 5~10 μl. 

 

Protein concentration of purified rhIL-11 

Concentration of rhIL-11 after chromatographic steps was assayed by UV 

absorbance at 280 nm, using UV/Vis microplate and cuvette spectrophotometer- 

Multiskan GO from Thermo Scientific. Extinction coefficient (Ec) in units of M-1 cm-1, 

at 280 nm measured in water is 17,990, using the following formula. 

Ec = Number (Tyr) x 1490+ Number (Trp) x 5500 + Number (Cys) x 125  Eq. 2-1 

The protein concentration in unit of molar is yielded as follows. 

Concentration = (Absorbance at 280 nm)/Ec        Eq. 2-2 

Alternatively, protein concentration was directly determined by ultraviolet 

spectroscopy at wavelength 280 nm, using the absorbency value of 0.944 for a 0.1% (1 

mg/ml) solution. Protein quantitation using absorbance at 280 nm measures the 
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absorbance of aromatic amino acids such as tryptophan and tyrosine, leaving PEG moiety 

undetected. As a result, protein concentration by weight stated herein excludes PEG 

molecule. Both values were calculated by the ProtParam, a tool to calculate physical and 

chemical parameters for a given protein.86 

 

2.2.5 Sodium Dodecyl Sulfate-Polyacrylamide gel electrophoresis, staining and 

immunoblotting 

The apparent molecular weight of protein was evaluated using Sodium Dodecyl 

Sulfate-Polyacrylamide gel electrophoresis (SDS-PAGE) with Biorad’s Mini-PROTEAN 

system coupled with pre-cast gels. The resulting polyacrylamide gels were visualized 

after Coomassie blue or silver staining. 

Protein immunoblotting was performed with Mini Trans-Blot Cell acquired from 

Bio-rad. After protein electrophoresis, the resolved proteins on the SDS-PAGE were 

transferred to a nitrocellulose membrane under the current of 300 mA for an hour. The 

membrane was incubated with blocking buffer for 30 min or overnight, followed by TBS-

Tween 20 buffer wash for 6 times, with 5 minutes each. Protein of interest on the 

membrane was incubated with casein-blocked diluted (1:2,000) primary antibody (goat 

IgG) against human IL-11 for an hour at room temperature. After washing the membrane 

with TBS-Tween 20 buffer for 6 times, with 4 mins each, the membrane was incubated 

with casein-blocked diluted (1:3,000) secondary antibody against goat IgG for an hour at 

room temperature. The membrane was transferred to a shallow tray and incubated with 

1-step ultra TMB according to manufacturer’s procedures. The process of color 

development was monitored carefully and was washed briefly in water when the bands 

achieved the desired intensity. 
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2.2.6 Purification of rhIL-11 

Aqueous two-phase extraction 

The soluble and misfolded rhIL-11 was precipitated from fermentation medium by 

the simple aqueous two-phase extraction.87 Solid PEG 8000 was added at 6~8% (w/v) 

into a filtrate of fermentation medium. The solid polymer was dissolved completely by 

gentle stirring, followed by simple centrifugation at 4,000 rpm for 10 min to recover 

precipitated proteins. 

 

Refolding rhIL-11 

The recovered protein was dissolved at 2 mg/mL with 20 mM sodium phosphate 

containing 7 M guanidine hydrochloride (GdHCl) pH 8~9 buffer solution and incubated 

at room temperature for an hour. 11-fold volume of 4 mM sodium phosphate buffer pH 8 

was added to dilute GdHCl, allowing the denatured protein to undergo proper refolding 

by incubating the solution at room temperature for 2 hours. Prior to charging onto ion-

exchange chromatography, the resulting solution was diluted by simple dilution or buffer 

exchange using ultrafiltration or dialysis, with 4 mM phosphate buffer to obtain a 

conductivity less than 6.5 mS/cm.  

 

Cation-exchange chromatography 

The protein purification was carried out with the protein purifier- Ä KTAprime plus 

from GE Healthcare Life Sciences. Prior to loading onto chromatographic column, the 

resulting diluted solution was centrifuged or filtered through a 0.45 or 0.2 μm membrane 

to remove particulates. The mixture was loaded onto a Capto S column that was 

equilibrated with buffer A containing 20 mM sodium phosphate pH 8. The protein was 

eluted with a gradient- or a step-elution of buffer B, containing 20 mM sodium phosphate 
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pH 8 and 1M NaCl. 

 

Hydrophobic-interaction chromatography 

The protein purification was carried out with the protein purifier- Ä KTAprime plus 

from GE Healthcare Life Sciences. Fractions containing rhIL-11 from cation-exchanger 

(Capto S) were combined in a pool and added with 0.5 M ammonium sulfate and 5 mM 

DL-methionine. The resulting diluted solution was centrifuged or filtered through a 0.45 

or 0.2 μm membrane to remove particulates prior to sample loading. The mixture was 

loaded onto a Butyl HP column that was equilibrated with buffer A containing 0.5 M 

ammonium sulfate and 5 mM DL-methionine in 10 mM sodium phosphate pH 7 buffer 

solution. The protein was eluted with a step- or gradient-elution of buffer B, containing 

10 mM sodium phosphate pH 7 buffer. Additional 0.2 M acetic acid was employed to 

elute tightly bound rhIL-11. 

 

2.2.7 Purity determined by size-exclusion chromatograph 

The content of covalent and non-covalent aggregate, in addition to large molecular 

species were analyzed by size-exclusion chromatography (SEC) employing the UPLC 

system coupled with diode-array detector- UltiMate 3000 Rapid Separation LC Systems 

from Thermo Scientific. The chromatographic procedure was carried out using: 

 Column: Waters Acquity BEH200 SEC 1.7 μm, 4.6 x 150 mm, 300 Å pore size 

(Part # 186005225), equipped with a guard cartridge (Part # 186005793). 

 Mobile phase: 25 mM sodium phosphate pH 7.0 containing 0.5 M NaCl 

 Flow rate: 0.3 ml/min. 

 Detection: 280 nm. 

 Stop time: 10 min. 
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 Inject 5 μg of protein 

 

2.2.8 Purity and molecular mass determined by LC/MS 

The purity of rhIL-11 was analyzed by reverse-phase (RP) chromatography 

employing (a) the UPLC coupled with diode-array detector- UltiMate 3000 Rapid 

Separation LC Systems from Thermo Scientific, or (b) the Agilent 1290 infinity UPLC 

system coupled with Agilent 6540 UHD Accurate Mass Q-TOF LC/MS system. The 

chromatographic procedure was carried out using procedures as followed. 

 Column: ACQUITY UPLC PST C18 Column, 300Å  pore size, 1.7 µm, 2.1 mm x 

150 mm (Part No. 186003687), equipped with the Acquity BEH C18 VanGuard Pre-

column, 300 Å  pore size, 1.7µm, 2.1x5mm. (Part No. 186004629). 

 Mobile phases and gradient: 

Mobile phase A: 0.1% (v/v) trifluoroacetic acid (TFA) in water; 

Mobile phase B: 0.1% (v/v) TFA in 95% (v/v) acetonitrile; 

Time (min) A% B% 

0 100 0 

1 100 0 

2 70 30 

21 25 75 

21.1 10 90 

23 10 90 

23.1 100 0 

30 100 0 

 Flow rate: 0.4 ml/min. 

 Column temperature: ambient. 

 Detection: 214 nm. 

 Injection: 5 μg. 

Operation parameters of mass spectrometry were as followed: 
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 m/z range and polarity:   150-3000 positive; 

 Source parameters:   Gas temperature 300°C; 

Gas flow 8 l/min; 

Nebulizer 35 psig; 

Sheath gas temperature 380°C; 

Sheath gas flow 11 l/min; 

 Scan source parameters:  VCap = 3500; 

Nozzle voltage 1,000V; 

Fragmentor 175; 

Skimmer1 65; 

OctopoleRFPeak 750. 

 

2.2.9 Cell-based bioassay 

The biological activity of rhIL-11 was calculated in a cell proliferation assay, using 

7TD1 cell-line. IL-11 reference standard and unknown samples were sterilely diluted 

starting from 20,000 ng/ml to 0.2 pg/ml by 10 fold (total 9 points). Fifty µl standard or 

sample was added into a well of a 96-well plate in duplicate containing 7TD1 cells at 

4,000 cells per well. Cells grew at 37°C in a humidified atmosphere containing 5% CO2 

in response to different IL-11 concentrations in the presence of 2 μg/mL IL-11 receptor 

for three days.88 For cell proliferation assay, 20 µl per well of MTS solution was dispensed 

into the wells using a multichannel pipet and incubated in the 37 °C incubator for 2.5-3 

hours, depending on the signal development. After incubation, the plate was read for 

absorbance at 490 nm using the UV/Vis microplate and cuvette spectrophotometer- 

Multiskan GO from Thermo Fisher Scientific. 

The EC50 (half maximal effective concentration) of dose response curve is 
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determined by plotting the absorbance of 490 nm on the y-axis against concentrations on 

the x-axis, by fitting sigmoid dose-response curves with GraphPad software Prism 6, 

against the four-parameter non-linear logistic equation: 

 y =
a−d

1+(
x

c
)𝑏

+ 𝑑                                    Eq. 2-3 

where  

a is the y-axis of minimum asymptote as the concentration approaches zero; 

b is the slope referring to the steepness of the curve; 

c is the EC50; 

d is y-axis of maximum asymptote as the concentration approaches infinite; 

x is the concentration; and  

y is the absorbance at 490 nm. 

The specific bioactivity is derived from the following equation: 

Specificity activity (U/mg)  

= (Specific activity of reference) × (
EC50 reference

EC50 sample
)             Eq. 2-4 

 

2.2.10 Characterization of secondary structure by circular dichroism 

Far-UV circular dichroism (CD) spectra were recorded with a Jasco J-815 

spectropolarimeter using a quartz cell of 1.0 cm pathlength at room temperature. Protein 

samples were diluted to about 0.02 mg/mL using deionized water or 5 mM sodium 

phosphate pH 7. Secondary structure was monitored in the far-UV region (190-250 nm) 

using operational parameters including scanning rate, bandwidth and response set at 100 

nm/min, 1 nm and 2 seconds respectively. Spectra were obtained from an average of 3 

scans. 
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2.2.11 Peptide mapping 

The proteolytic solution was prepared in 50 mM sodium phosphate pH 8 buffer 

containing 2 mg/mL protein, and 1/100 (w/w) trypsin of sequencing grade. After 

incubation at room temperature for 6 hours, TFA (or formic acid) was introduced to obtain 

final 0.1% to quench the reaction. Precipitation was removed by centrifugation or 

filtration through a 0.2 or 0.4 μm membrane prior to injecting. Peptide identification was 

carried out with the LC/MS system- Agilent 1290 infinity UPLC system coupled with 

Agilent 6540 UHD Accurate Mass Q-TOF LC/MS system. The chromatographic 

procedure was carried out using: 

 Column: Zorbax 300 SB-C8, 2.1x150 mm, 5 μm, 300Å pore size (Agilent Part No. 

883750-906). 

 Mobile phases and gradient: 

  Mobile phase A: 0.1% (v/v) TFA in water; 

Mobile phase B: 0.1% (v/v) TFA in 95% (v/v) acetonitrile; 

Time (min) A% B% 

0 100 0 

3 100 0 

8 95 5 

45 55 45 

45.1 0 100 

52 0 100 

52.1 100 0 

65 100 0 

 Flow rate: 0.2 ml/min. 

 Detection: 214 nm. 

 Injection amount: 10 μg. 

Operation parameters of mass spectrometry were as followed: 

 m/z range and polarity:   400-1700 positive; 
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 Source parameters:   Gas temperature 300°C; 

Gas flow 8 l/min; 

Nebulizer 35 psig; 

Sheath gas temperature 350°C; 

Sheath gas flow 11 l/min; 

 Scan source parameters:  VCap = 3500; 

Nozzle voltage 1,000V; 

Fragmentor 175; 

Skimmer1 65; 

 Collision energy:          Charge  Slop  Offset 

2       4     1 

3       3.5   -2 

>3      3.2   -4.8 

1       0     20 

The estimated molecular masses of proteolytic peptides cleaved by trypsin were 

listed in Table 2-1. Identification of each proteolytic peptide was performed manually 

with the free tool- MS Product that generates possible fragment ions resulting from 

fragmentation of a peptide in m/z spectra, available at 

http://prospector.ucsf.edu/prospector/mshome.htm. 
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Table 2-1  Tryptic peptides of recombinant human IL-11. 

Monoisotopic 

Mass 

Amino acid 

Position 

Peptide 

No. 
 Amino acid sequence 

773.4 1-8 T1  GPPPGPPR 

669.3 9-14 T2  VSPDPR 

1216.6 15-25 T3  AELDSTVLLTR 

774.4 26-32 T4  SLLADTR 

798.5 33-39 T5  QLAAQLR 

261.1 40-41 T6  DK 

3317.7 42-74 T7  FPADGDHNLDSLPTLAMSAG 

ALGALQLPGVLTR 287.2 75-76 T8  LR 

949.5 77-84 T9  ADLLSYLR 

837.5 85-90 T10  HVQWLR 

174.1 91-91 T11  R 

618. 3 92-98 T12  AGGSSLK 

1326.7 99-110 T13  TLEPELGTLQAR 

402.2 111-113 T14  LDR 

400.3 114-116 T15  LLR 

174.1 117-117 T16  R 

859.5 118-124 T17  LQLLMSR 

2598.4 125-150 T18  LALPQPPPDPPAPPLAPPSS AWGGIR 

1913.1 151-168 T19  AAHAILGGLHLTLDWAVR 

655.5 169-174 T20  GLLLLK 

275.2 175-176 T21  TR 

131.1 177-177 T22  L 

 

2.2.12 Amino acid composition 

The amino acid composition was determined by the stand-alone Hitachi High-Speed 

Amino Acid Analyzer L-8900, involving separation of hydrolyzed amino acid by ion-

exchange mechanism followed by derivatization with ninhydrin. Prior to hydrolysis, 

protein samples were prepared at 1 mg/mL in triplicates and were hydrolyzed under 

nitrogen in the condition of 6N HCl, 110°C for 22 hours. The hydrolyzed sample was 
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then resuspended in 0.02 N HCl after evaporation in 80°C water bath. Under such an 

acidic hydrolysis condition, asparagine and glutamine are deamidated to form respective 

acids. Tryptophan is then completely degraded. Cysteine and methionine are oxidized and 

are not readily detected from the acid hydrolysate. Tyrosine, serine and threonine are 

partially hydrolyzed.89 
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2.3 RESULTS 

 

2.3.1 High cell density fermentation 

Glycerol-fed batch fermentation was carried out in a 1-L fermentor inoculated with 

the protease deficient strain (pPINKS1-IL11-24) thawed from a vial of the research 

working cell bank for downstream purification development. The cell growth curve was 

illustrated in Figure 2-1(a), showing that the cell culture achieved 200 OD after additional 

round of glycerol feeding. The cell density continued to grow up to 250 OD after 

methanol induction, but gradually declined 22 hours post induction, probably due to 

insufficient nutrients. Samples of fermentation broth were taken at 22, 46 and 70 hours 

post induction time points and were analyzed by non-reducing SDS-PAGE. Figure 2-1 (b) 

and (c) displayed the results of SDS-PAGE and immunoblotting respectively. The 

expression level was not determined by ELISA as it tended to underestimate productivity. 

Instead, the productivity of rhIL-11 was estimated by the intensities of Coomassie blue 

staining against the reference by either visual inspection or densitometry, yielding 

approximately 0.4~0.6 g/L. In the SDS-PAGE developed by Coomassie blue staining, we 

found some obvious bands below the position of rhIL-11 at about 20 KD (Figure 2-1b). 

These were degraded species of rhIL-11 verified by immunoblotting with antibodies 

against rhIL-11 (Figure 2-1c). Meanwhile, an expression productivity of fermentation 

medium determined by RP-HPLC on the other hand was determined at about 0.4 mg/mL. 
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(a) 

 
 (b) 

 

(c) 

 M: molecular weight marker 

Figure 2-1 High density fermentation of rhIL-11 expression using 1-L fermentor. (a) 

The growth curve throughout fermentation was shown. Culture medium at different post-

induction time point was collected and analyzed by (b) Non-reducing SDS-PAGE of 

Coomassie blue staining, and (c) immunoblotting.  

Glycerol Fed 

Methanol Fed 

Induction 

Hour 8 

 Induction 

Hour 46 

 

Induction 

Hour 72 

 

     Induction Time        rhIL-11 standard 

0 h   22 h   46 h   70 h  72 h    μg 

       Induction Time       

0 h   22 h     46 h   70 h   72 h   
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2.3.2 Failure of capturing IL-11 with cation-exchange chromatography 

Given a high isoelectric point pI = 11.7, cation-exchange chromatography was 

attempted to capture the rhIL-11 from fermentation medium at pH 8. After removing cell 

paste by centrifugation, a few hundred milliliter broth was subjected to buffer-exchange 

by ultrafiltration or was directly diluted with at least 10-volume water to a conductivity 

of less than 3 mS/cm. To recover rhIL-11, a small amount of solution equivalent to a 

couple milligrams of rhIL-11, was charged onto the Capto-S column (1-mL)- the cation 

exchanger that was previously equilibrated with 20 mM Tris pH 8 buffer. Bound protein 

was eluted with NaCl gradient up to 1 M NaCl. Results of SDS-PAGE and 

immunoblotting indicated that rhIL-11 was present in fractions of flow-through without 

binding to the column (Figure 2-2a). To ensure the suitability of the purification system 

using the cation exchanger, 0.5 mg of reference rhIL-11 was spiked in the 1 mL 

fermentation broth as a positive control, followed by the purification procedures 

aforementioned. The recovery of about 30% suggested the usefulness of the cation 

exchanger for isolating rhIL-11 as it was successfully eluted by NaCl gradient in the same 

manner. On the other hand, the isolation was attempted with the anion-exchanger, Capto-

Q, by recovering the flow-through. Similarly, a small amount of solution, equivalent to a 

couple of milligrams of rhIL-11, was charged onto the Capto-Q column (1-mL)- the anion 

exchanger to recover rhIL-11 in the flow-through. The column was previously 

equilibrated with 20 mM Tris pH 8 buffer, followed by elution with NaCl gradient up to 

1 M NaCl. Surprisingly, results of SDS-PAGE indicated successful elution of rhIL-11 in 

the NaCl-containing fractions but not flow-through (data not shown). Purification process 

was repeated leading to consistent and reproducible results, affirming the unexpected 

ionic characteristic of expressed rhIL-11.  

A weak bioactivity in the cell-based proliferation assay and an underestimate of 
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ELISA quantitation were also noticed using samples of fermentation medium (data not 

shown). Intriguingly, the bioactivity was restored when the fermentation broth was spiked 

in reference rhIL-11 (data not shown). Its behavior on the ion-exchangers, and loss of 

bioactivity strongly indicated altered physical properties of the expressed protein. 

 

2.3.3 Liquid two-phase extraction 

Prior to further investigation, the expressed protein was recovered from fermentation 

medium by the simple aqueous two-phase extraction.87 The extraction was developed to 

precipitate non-native rhIL-11 from liquid phase, by adding polyethylene glycol 8000. In 

one mL of filtered fermentation broth, solid PEG-8000 was added to obtain 2.9, 3.8, 5.0, 

6.2, 7.3, and 8.2 % (w/v) respectively. After incubating at 4°C for an hour, cloudiness was 

only visible in samples containing 6.2, 7.3 and 8.2% PEG-8000. Precipitates were 

collected by simple centrifugation using desktop centrifuge at top speed for 5 minutes and 

the precipitated proteins were reconstituted with 1-mL of sodium phosphate buffer at pH 

8. As shown in Figure 2-2b, nearly all rhIL-11 could be recovered from the precipitate by 

adding PEG 8000 as little as 6% (w/v). In following studies, rhIL-11 was recovered from 

the culture medium by precipitation with PEG unless otherwise stated. 
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(a) 

 

 

(b) 

 

 

Figure 2-2 Non-reducing 16% SDS-PAGE gel illustrating the recovery of rhIL-11. 

(a) IL-11 was found in the fraction of fluow-though; (b) after the aqueous two-phase 

extraction. 

 

Supernatant   Precipitant  

KD     M   1       2   3   4   5  6   7   

M: Protein marker 

1: medium after harvest 

2: 6.2% PEG-8000 supernatant 

3: 7.3% PEG-8000 supernatant 

4: 8.2% PEG-8000 supernatant 

5: 6.2% PEG-8000 precipitate 

6: 7.3% PEG-8000 precipitate 

7: 8.2% PEG-8000 precipitate 

KD    M   1   2    3     4    5   6    7   

M: Protein marker 

1: IL-11 reference 

2: Crude culture medium 

3: Flow-through of Capto-S 

4: Crude culture medium 

5-7: Elution of Capto-S 
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2.3.4 Structural characteristics of secreted rhIL-11 in fermentation medium 

The structural characteristics were primarily elucidated by Circular Dichroism (CD) 

and size-exclusion chromatography. Precipitated rhIL-11 recovered from the liquid two-

phase extraction by PEG precipitation with the fermentation medium was resuspended in 

deionized water at about 0.02 mg/mL. The CD spectrum was displayed in Figure 2-3, 

revealing helical structure, as seen negative bands at ~222 and 210 nm, and a positive 

band at ∼195 nm. It suggested that the crude rhIL-11 maintained helical backbones. 

 

 

Figure 2-3 Far-UV CD Spectrum of rhIL-11 crude isolated from expression medium 

using the liquid two-phase extraction. 

 

 Meanwhile precipitated protein was resuspended in 20 mM sodium phosphate pH 7 

buffer to achieve 1 mg/mL for size-exclusion chromatography. The molecular size of the 

crude protein in native state was compared with the reference standard of rhIL-11 using 

the Acquity BEH200 SEC column, capable of separating globular proteins ranging from 

10 to 450 KD. The results as seen in Figure 2-4 indicated that the crude rhIL-11 from 
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fermentation medium appeared in high molecular mass region unexpectedly. This critical 

finding suggested that secreted rhIL-11s existed as soluble aggregates in the culture broth. 

In combination with the CD data, it was speculated that the helical structure of the 

secreted rhIL-11 was maintained but instead of a monomeric molecule in tertiary structure, 

it inclined to associate non-covalently with one another to form intermolecular helical 

bundles. This was perhaps a cause of low yield in the original process because of its 

change in physicochemical characteristic and loss of bioactivity. This is also perhaps the 

reason that the original process was changed to reverse-phase chromatography employing 

acetonitrile to release the intermolecular bundles.84 

 

Figure 2-4 Size-exclusion chromatograms of the crude rhIL-11. Lower panel is the 

product precipitated from fermentation medium. Upper panel is the reference standard of 

rhIL-11.  

 

2.3.5 Prevention of self-aggregation using non-ionic surfactant in fermentation 
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medium 

Although Pichia pastoris expresses protein through eukaryotic folding pathways, 

self-aggregation and misfolded secretory rhIL-11 in high-density yeast culture has yet to 

be documented. The aggregated form raises problems such as loss of bioactivity and poor 

yield of downstream purification. One strategy of prevention is to introduce additives or 

surfactants in fermentation medium.90 Tween-80 at 0.1% was introduced in a 1-L high-

density fed-batch fermentation medium. After harvest, 130 mL fermentation medium was 

diluted with 10X water to reduce conductivity. After removing particulate matters by 

simple filtration through a 0.45 or 0.2 μm membrane, the resulting solution was charged 

onto a cation-exchanger (Capto-S) in order to recover bioactive rhIL-11. The purification 

profile was illustrated in Figure 2-5. After loading onto the column, the column was 

washed by 50 mM NaCl buffer, followed by 50~300 mM NaCl gradient over 10 column 

volume. Fractions containing rhIL-11 were combined as determined by SDS-PAGE 

analysis of selected fractions, resulting in a step yield at 13.6%. The finding suggested 

0.1% tween-80 could disrupt self-aggregation during fermentation to some extent but the 

recovery of bioactive rhIL-11 was not satisfactory. As a result, the downstream process 

was focused on the use of refolding process. 

 

 

Column: Capto S 1x10 cm 

Sample: Crude 39 mg rhIL-11 in 0.13 L fermentation medium 

Buffer A: 20 mM sodium phosphate pH 8 

Buffer B: Buffer A with 1 M NaCl 

Flow rate: 2 ml/min 
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Figure 2-5 Isolation of rhIL-11 from fermentation medium containing 0.1% tween-80 

with liquid chromatography using Capto-S column, a cation-exchanger. Red trace is in-

line conductivity; and blue trace is UV absorbance at 280 nm. The shaded region 

represents fractions for pooling.  

 

2.3.6 Refolding optimization for rhIL-11 renaturation 

The refolding of protein in solution is a result of a number of physiochemical factors 

including ionic strength, pH, temperature, protein concentration and so on. Therefore, the 

condition of one-step refolding was optimized as followed. Urea, ammonium sulfate, SDS 

and guanidine hydrochloride, were denaturants that were exploited in the refolding 

process for rhIL-11. Protein precipitated from 2 mL fermentation medium after PEG 

precipitation was reconstituted at 5 mg/mL with respective denaturant-containing buffer 

solution: 8 M urea, 1 M ammonium sulfate, 0.5% SDS or 6 M GdHCl. After dilution with 

water to achieve a conductivity of less than 5 mS/cm, only the native and biologically 

active rhIL-11 could be absorbed onto cation-exchanger and expectedly to be eluted by 

NaCl salt gradient. Results indicated that all denaturants aforementioned failed to renature 

rhIL-11 except 6 M GdHCl, as seen in Figure 2-6 which showed that the refolding 

solution containing 6M GdHCl was eluted successfully by NaCl gradient. Additionally, 

protein precipitated from 2 mL fermentation after PEG precipitation was dissolved in 2 

mL alkaline solution consisted of 0.1 N NaOH alone, 0.1 N NaOH with 70% ethanol or 

1% tween 20 respectively. After dilution with water and pH adjustment to pH 8, cation-

exchanger recovered little native rhIL-11 (data not shown). In summary, guanidine 

hydrochloride was the only denaturant tested that successfully renatured rhIL-11 at high 

yield. 
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Buffer A: 20 mM Tris pH 8 buffer 

Buffer B: Buffer A with 1 M NaCl 

Gradient: 0-100% B over 4 column volume 

Flow rate: 3 ml/min 

Column: Capto S, 1x6 cm 

(A) 8 M Urea 

 

(B) 6 M GdHCl 

 

 

Figure 2-6 Isolation of rhIL-11 on Capto-S cation exchanger after refolding in the 

presence of denaturants, (A) 8M urea and (B) 6M guanidine hydrochloride. Red trace 

shows in-line conductivity; and blue trace is UV absorbance at 280 nm. Arrows indicate 

the elution position of renatured rhIL-11 if occurs. 
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 Next, the protein concentration used in the refolding process was optimized by 

dissolving protein precipitate at various protein concentrations in 7M GdHCl solution. 

Protein from 2 mL fermentation medium collected after PEG precipitation was 

reconstituted at various protein concentration in 7 M GdHCl buffer solution. After 

refolding procedures by simple dilution, refolded rhIL-11 of each preparation was isolated 

with cation exchanger in the same manner. The yield of refolding was evaluated by peak 

area against reference standard of rhIL-11, as summarized in Figure 2-7. It indicated that 

refolding yield was optimal at about 2 mg/mL protein concentration. 

 

 

Figure 2-7 Refolding yield by dissolving precipitated protein in various concentration 

in the presence of 7M GdHCl. 

 

 Many co-solutes, serving as folding enhancer or aggregation suppressor are usually 

introduced to assist refolding, such as PEG, cyclodextrin, arginine, proline and sucrose, 

although mechanism of action remains unclear [Review 91]. For this investigation, two 

common co-solutes, 0.5 M arginine and 0.4 M sucrose, were added in refolding solution. 

After refolding process by dilution, refolded rhIL-11 of each preparation was isolated 
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with cation exchanger in the same fashion. The yield of refolding was evaluated by peak 

height as shown in Figure 2-8, suggesting comparable yield of refolded rhIL-11. The 

finding indicated that neither arginine nor sucrose facilitated the refolding of rhIL-11. 

 

Column: Capto S, 1x6 cm 

Sample: Crude 0.8 mg rhIL-11 after refolding process with or without arginine/sucrose 

Buffer A: 20 mM Tris pH 8 buffer 

Buffer B: Buffer A with 1 M NaCl 

Gradient: 0~100% B over 4 column volume 

Flow rate: 3 ml/min 

Protein dissolved at 2 mg/mL in 

 

Figure 2-8 Isolation of refolded rhIL-11 with or without co-solutes. Red trace shows 

in-line conductivity; and blue trace is UV absorbance at 280 nm.  

 

Similarly, the pH in refolding was optimized by dissolving protein precipitate at 

various pH. Protein from 2 mL fermentation medium was collected after the PEG 

precipitation was reconstituted at 2 mg/mL in 7 M GdHCl buffer of different pH solutions. 

After refolding procedures by simple dilution of respective pH solution, refolded rhIL-11 

of each preparation was isolated with cation exchanger using the procedures 

aforementioned. The yield of refolding was evaluated by peak area against reference 

(A) 7 M GdHCl                               (B) 7 M GdHCl plus 0.5M arginine/0.4 M 

sucrose 
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standard of rhIL-11, as summarized in Figure 2-9. The refolding was found to be optimal 

at about pH 8.5. 

 

 

Figure 2-9 Refolding yield of rhIL-11 at different pHs. 

 

2.3.7 Isolation of refolded rhIL-11 with cation-exchange chromatography 

This study made use of 236 mL of medium containing about crude 94.2 mg secretory 

rhIL-11. Protein was precipitated with 8% PEG 8000 (w/v) and recovered by 

centrifugation at 4,000 rpm for 15 min. After discarding the supernatant, the solid phase 

was reconstituted at 2 mg/mL protein concentration with 20 mM sodium phosphate pH 8 

buffer containing 7 M GdHCl. The protein solution was incubated at room temperature 

for an hour with gentle stirring to allow complete solublization. The renaturing process 

was initiated by pouring the protein solution into a 10-fold volume of guanidine-free 4 

mM sodium phosphate pH 8 buffer. The resulting solution was subjected to further 

incubation at room temperature for another hour, followed by buffer exchange using 

ultrafiltration or direct dilution with additional buffer solution to achieve a conductivity 
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of less than 6 mS/cm. The purification process with cation-exchange chromatography was 

conducted by the Capto-S column in 1x10 cm dimension as shown in Figure 2-10. After 

loading onto the column at a sample load of 12 mg/mL resin, the column was washed by 

50 mM NaCl buffer, followed by 50~300 mM NaCl gradient over 10 column volume. 

Fractions containing rhIL-11 as indicated by non-reducing SDS-PAGE were combined in 

a pool leading to a step yield at about 40~60%. The product was also analyzed by RP-

UPLC coupled with mass spectrometry to elucidate the molecular mass of purified protein 

(Figure 2-11). The deconvoluted mass of the predominant peak in UPLC was 19,046.7 

Da, agreeing with the theoretical averaged mass of rhIL-11 at 19,047 Da. The small peak 

ahead of rhIL-11 in the liquid chromatogram, accounting for 8.6%, was supposedly the 

oxidative species, as its deconvoluted mass was 15.8 amu more than that of rhIL-11 

corresponding to the mass of an oxygen (16 amu). The purified rhIL-11 after refolding 

process was consequently subject to a cell-based assay, suggesting full recovery of 

activity via renaturing process (data not shown). 

 

 

Figure 2-10 Isolation of renatured rhIL-11 with liquid chromatography using Capto-S 

column. Red trace is the in-line conductivity; green trace is pH readout and blue trace is 

UV absorbance at 280 nm. The shaded region represents fractions for pooling. 

Column: Capto S 1x10 cm 

Sample: 94 mg refolded rhIL-11, crude 

Buffer A: 20 mM Tris pH 8 

Buffer B: Buffer A with 1 M NaCl 

Flow rate: 2 ml/min 
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(A)  

 

(B) 

 

Figure 2-11 Molecular mass determination of rhIL-11 using LC/MS. (A) Ion 

chromatogram and (B) Deconvoluted mass 19,046.7 Da agrees with the expected 

molecular weight 19,047. Deconvoluted mass 19,062.5 Da is presumably the oxidized 

IL-11 as an additional 16 Da accounts for an oxygen. 

 

The small shoulder eluted right after the predominate peak from the Capto-S column 

was further investigated to determine whether this fraction was to be collected for 

subsequent process. RP-UPLC analysis coupled with MS indicated a single peak at the 

same retention time with the rhIL-11 reference standard and its molecular weight agreeing 

with theoretical mass (data not shown). SDS-PAGE analysis also revealed identical 

19,062.5 Da 

19046.7 Da 
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migration position with reference standard (data not shown). But in size-exclusion 

chromatography using 25 mM sodium phosphate pH 7.0 containing 0.5 M NaCl as an 

eluent, it appeared to be a doublet, one agreed with the retention time as native rhIL-11 

and the other eluted earlier was perhaps a dimeric form (Figure 2-12). Since subsequent 

purification using hydrophobic interaction chromatography with 0.5 M ammonium 

sulfate might disrupt the interaction of self-aggregate, those fractions eluted later than the 

predominant peak were all combined with the main pool. 

 

 

Figure 2-12 Size-exclusion chromatography of an elution fraction of the predominant 

peak from Capto-S column.  

 

2.3.8 Reduction of oxidized rhIL-11 by adding peptone of non-animal origin in 

fermentation broth 

Protein oxidation is a very common product-related impurity during manufacturing 

process, resulted from constantly exposure to various forms of reactive oxygen species 

(ROS) such as oxygen radical during aerobic fermentation. Earlier fermentation was 

undertaken using a basal medium plus 0.9% ammonium sulfate as a nitrogen source. After 

purification from Capto-S column, the resulting oxidative rhIL-11 in product was about 

12.6% as quantified by RP-UPLC. In order to reduce oxidative product, ammonium 

sulfate was replaced with 0.5% phytone peptone because it is derived from soy peptone 
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comprising sulfur-containing amino acids that could not only provide a nitrogen source 

but also neutralize ROS during fermentation. After purification by Capto-S column, the 

level of resulting oxidative rhIL-11 in product was reduced to 6.6%, close to a tentative 

acceptable criterium set at 5.0%. The product was further polished by a second column 

to remove oxidized rhIL-11 using hydrophobic-interaction chromatography. 

 

2.3.9 Removal of oxidized rhIL-11 with hydrophobic-interaction chromatography 

To a combined pool from Capto-S column step, solid DL-methionine was introduced 

to achieve about 5 mM and solid ammonium sulfate was added to obtain 0.5 M. After 

filtration through a 0.2 or 0.45 μm membrane, the resulting protein solution was charged 

on to a Butyl HP column of 1x10 cm dimension at a sample load of 8 mg/mL bed volume, 

followed by washing with a buffer solution containing 0.5 M ammonium sulfate. The 

column was subsequently washed with buffer solution containing 0.475 M ammonium 

sulfate over 15 column volume. Product was eluted with 10 mM sodium phosphate pH 7 

buffer (Figure 2-13). Oxidized rhIL-11 of each fraction was quantified by RP-UPLC, 

showing a decreasing content of oxidative species. Fractions containing less than 5% of 

oxidative species were combined in a pool. The step recovery was about 49%.  
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Figure 2-13 Polishing rhIL-11 with hydrophobic-interaction chromatography using 

Butyl HP column to remove oxidized rhIL-11. The red trace is the in-line conductivity 

and blue trace is UV absorbance at 280 nm. The shaded region represents fractions of 

pooling. 

 

2.3.10 Buffer change and concentration 

The resulting product eluted from Butyl HIC contained a large amount of ammonium 

sulfate that was subsequently removed by extensive dialysis or ultrafiltration against 10 

mM sodium phosphate pH 7 buffer. The concentration of protein was then adjusted to 

larger than 6 mg/mL for cold storage. 

 

2.3.11 Product characterizations 

The final purified bulk was subjected to various analytical characterizations 

including identity, purity and potency. The purity and relative molecular weight were 

analyzed by non-reducing SDS-PAGE using a 16% gel as seen in Figure 2-14, showing a 

single band at high purity. 

 

 

Column: Butyl HP 1x10 cm 

Sample: 60 mg rhIL-11 from Capto-S 

Buffer A: 10 mM sodium phosphate pH 7/0.5 M ammonium sulfate/5 mM 

methionine 

Buffer B: 10 mM sodium phosphate pH 7 

Flow rate: 2 ml/min 
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0.2 0.6 1.8 5.0  μg   

 

Figure 2-14 The purity of the purified rhIL-11 revealed by a non-reducing 16% SDS-

PAGE stained with Coomassie brilliant blue. 

 

The purity and related impurity was accurately assayed by RP-UPLC. As shown in 

Figure 2-15, the purity of rhIL-11 was greater than 95%, while it contained about 2.5% 

oxidized rhIL-11, which was comparable to that of Nemega’s commercial batch at 2.4%. 

92 The monomeric rhIL-11 was quantified by SEC-UPLC as displayed in Figure 2-16, 

indicating a purity at 99%. 

 

Figure 2-15 Purity and related proteins of rhIL-11, assayed by RP-UPLC. The 

oxidative rhIL-11 was about 2.5% while unknown impurities were about 1.6%. 
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Figure 2-16 Purity of monomeric rhIL-11 assayed by SEC-UPLC. The purity of 

monomeric rhIL-11 was about 99.0%. 

 

The molecular mass of the purified rhIL-11 was determined by LC-MS, exhibiting 

a deconvoluted mass at 19,045.7 Da (Figure 2-17), which is in good agreement with the 

theoretical averaged molecular weight 19,047.0 Da (deviation -68.2 ppm). Moreover, 

amino acid sequences of purified rhIL-11 was identified by peptide mapping coupled with 

LC-MS. Protein was digested by trypsin that selectively hydrolyzes peptide bond on the 

C-terminal side of lysine and arginine amino acid residues. The identity of each peak was 

elucidated by information of m/z and MS/MS fragmentation. All proteolytic peptides 

were successfully assigned as shown in Figure 2-18, except T11, T16 and T19 yielding a 

sequence coverage of 88.7%. 

 

Figure 2-17 Mass spectrum (m/z) of the final product, rhIL-11. Deconvoluted mass 

19,045.7 Da agreed with the expected molecular weight of 19,047. 
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Figure 2-18 Total ion chromatogram of tryptic peptides derived from hydrolysis of 

rhIL-11. The identification of each peptide was confirmed by information of m/z and 

MS/MS fragmentation.  

 

The N-terminal amino acid sequence was elucidated by the Applied Biosystems LC 

494 Procise®  Protein Sequencing System, which confirmed the initial 15 amino acids: 

Gly-Pro-Pro-Pro-Gly-Pro-Pro-Arg-Val-Ser-Pro-Asp-Pro-Arg-Ala, without N-terminal 

heterogeneity. Hydrolyzed amino acid composition on the other hand was conducted with 

sample pretreatment using 6N HCl hydrolysis under nitrogen at 110°C for 22 hrs. Under 

such an acidic hydrolysis condition, asparagine and glutamine are deamidated to form 

respective acids. Tryptophan is completely degraded. Cysteine and methionine are 

oxidized and are not readily detected from the acid hydrolysate. Tyrosine, serine and 

threonine are partially hydrolyzed. Results provided in Table 2-2, the mole ratios of most 

amino acids were in good agreement with expected values, except isoleucine, tyrosine 

and phenylalanine that were deviated to some extent because of low abundance. 
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Table 2-2 Amino acid composition of the purified IL-11 bulk. 

Amino 

acids 

1-fold dilution 5-fold dilution Mean Calc. 

No. of 

residue 

Expected 

No. of 

residue 

ABS. % 

Deviation nmole/ 20uL in resuspend solution 

Prep. 

1 

Prep. 

2 

Prep. 

3 

Prep. 

1 

Prep. 

2 

Prep. 

3 

Asp+Asn 2.374 2.327 2.372 2.460 2.270 2.360 2.361 11.36 12 5.35 

Thr 1.807 1.711 1.741 BD BD BD 1.753 8.43 9 6.28 

Ser 2.250 2.118 2.166 2.305 2.120 2.205 2.194 10.56 11 4.03 

Glu+Gln 2.190 2.123 2.160 2.385 2.200 2.295 2.226 10.71 10 7.08 

Gly 2.977 2.793 2.853 2.945 2.705 2.835 2.851 13.72 14 2.01 

Ala 4.177 3.917 3.998 4.190 3.850 4.030 4.027 19.38 20 3.12 

Cys N/A N/A N/A N/A N/A N/A N/A N/A 0 N/A 

Val 0.818 0.705 0.707 BD BD BD 0.743 3.58 5 28.47 

Met N/A N/A N/A N/A N/A N/A N/A N/A 2 N/A 

Ile 0.249 0.239 0.239 0.255 0.230 0.235 0.241 1.16 2 41.98 

Leu 8.888 8.406 8.549 8.750 8.120 8.415 8.521 41.00 41 0.00 

Tyr 0.250 0.234 0.239 0.660 0.595 0.565 0.424 2.04 1 103.93 

Phe 0.312 0.380 0.385 0.585 0.575 0.565 0.467 2.25 1 124.69 

Lys 0.608 0.660 0.673 BD BD BD 0.647 3.11 3 3.77 

His 0.742 0.743 0.755 BD BD BD 0.747 3.59 4 10.19 

Arg 3.471 3.276 3.317 3.370 3.090 3.195 3.287 15.81 18 12.15 

Pro 3.854 3.651 3.729 5.270 5.195 5.170 4.478 21.55 21 2.60 

Trp N/A N/A N/A N/A N/A N/A N/A N/A 3 N/A 

N/A: Not applicable. 

BD: Below detection limit. Optimal concentration range is 0.4~10 nmole/20 µL. 

 

The bioactivity of the purified rhIL-11 was determined by the 7TD1 cell proliferation 

assay as seen in Figure 2-19. The EC50 were 1.1 and 2.2 ng/mL for the reference and the 

in-house IL-11 respectively, suggesting comparable potency. 
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Figure 2-19 Cell proliferation assay of the purified in-house rhIL-11. 
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2.4 CONCLUSIONS AND DISCUSSION 

The novel process for isolating rhIL-11 has been developed. Secretory recombinant 

human interleukin-11 was successfully expressed by Pichia pastoris, but the expression 

product was inactive biologically due to self-aggregation of rhIL-11. Addition of a non-

ionic surfactant such as Tween-80 in a high-density fed-batch culture yielded a product 

of low bioactivity at about 10%, and created a problem of foaming by agitation during 

fermentation process. Alternative approaches of renaturing process were exploited using 

urea, SDS, ammonium sulfate, and guanidine hydrochloride, suggesting that only high 

concentration of guanidine hydrochloride was capable of disrupting the interaction of 

self-aggregate, allowing monomeric rhIL-11 to refold properly under denaturant-free 

condition. The process for the production of rhIL-11 from the culture medium was 

initiated with two-phase extraction to precipitate rhIL-11 from medium using 8% (w/v) 

PEG-8000. Precipitated crude was dissolved in 7 M guanidine hydrochloride to break 

down self-aggregate of protein followed by direct dilution to facilitate refolding to occur. 

Chromatographic procedures using two columns, first with the Capto-S (cation-

exchanger), followed by the Butyl HP (hydrophobic interaction chromatography) were 

performed at high sample loads. The Capto-S column was carried out to capture rhIL-11 

at 13 mg/mL sample load, yielding bioactive rhIL-11 with a step recovery of about 

40~60%. The next hydrophobic-interaction-chromatography column was deployed at 6~8 

mg/mL sample load to enrich the product purity to greater than 95% by removing the 

oxidative rhIL-11 and other impurities. The step yield was about 50%. Purified rhIL-11 

was then concentrated to at least 6 mg/mL and subjected to buffer exchange with 10 mM 

sodium phosphate pH 7 buffer for cold storage. A typical overall yield was about 20~25%. 

The final purified bulk was characterized for its identity, purity and potency indicating 

that the process was capable of yielding potent and pure rhIL-11. 
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 The overall yield was acceptable in a commercial scale, but step recovery of 

renaturing process and removal of oxidative rhIL-11 remained to be optimized further. 

Due to lack of an appropriate in-process analytical method to monitor renaturing, cation-

exchanger is the present tool to study refolding process because only correctly folded 

monomeric rhIL-11 can bind to the column, as such an approach is essential but time-

consuming. Also due to a poor separation of the oxidative species from the product, the 

oxidative species was removed to an acceptable level by sacrificing plenty of native rhIL-

11. Oxidation of recombinant protein mostly occurs during processing and storage, due 

to the presence of reactive oxygen species including superoxide (O2
-) and its protonated 

form (HOO·), hydrogen peroxide (H2O2), and other hydroxyl (OH·).93 Oxidative damage 

is often related to dissolved oxygen during fermentation, which is inevitable for aerobic 

fermentation. A fermentation process minimizing generation of oxidative protein during 

culturing, as well as a downstream process selectively removing oxidative protein deserve 

further investigation in the future. 

 Protein oxidation of sulfur-containing residues notably plays a crucial role in 

stability. Oxidative stress of protein therapeutics in particular may lead to a variety of 

medical consequences including declined potency or elevated immunogenicity.94 

Regulatory authorities do not define a universal tolerable level for such a chemical 

modification because risk consequences are protein dependent. Therefore a special batch 

of rhIL-11, containing more methionine-oxidative rhIL-11 at 6.2% has been intentionally 

produced, followed by subsequent PEGylation. This particular lot of PEGylated rhIL-11, 

conjugated with a single 40-KD PEG of Y-shape as the lead drug selected in Chapter 3, 

was subjected to a preliminary animal study in rats to assess thrombopoietic activity and 

safety concerns. Comparing with the investigational drug created as described in Chapter 

4 using rhIL-11 with 1.5% oxidative species, the acute and chronic toxicity studies of this 



Modification of Recombinant Human Interleukin-11 to Enhance Pharmacologic Properties and Therapeutic Potential 

 

83 

particular PEGylated rhIL-11 in rats revealed similar pharmacologic and off-target 

toxicity profiles, suggesting that such a change in production process and the amount of 

oxidative rhIL-11 as much as 6.2% did not elicit additional and/or different toxicities (data 

to be reported elsewhere). 
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3 Chapter 3  Modification of 

Interleukin-11 with Polyethylene 

Glycol 

ABSTRACT 

Treating thrombocytopenia induced by chemotherapy remains an unmet-medical need 

because the only medicine- recombinant human interleukin-11 requires repeated 

injections, causing prevailing side-effect manifested on plasma expansion and associated 

syndromes. Modification of human interleukin-11 with chemically inert polyethylene 

glycol polymer may extend the peripheral circulation half-life leading to improved 

pharmacological efficacy and a treating regimen of low frequency of injection. A number 

of rhIL-11 conjugates have been created to clear this hurdle by conjugating various PEG 

moieties that prolong circulating half-life. This study concludes that a single long and 

branched conjugation remarkably extends circulation half-life while presents less plasma 

expansion in animal models. The lead drug is rhIL-11 conjugated with a single 40-KD 

and Y-shaped PEG onto N-terminus that has been selected for its prolonged circulation 

half-life, enhanced efficacy and alleviated side-effect derived from dilutional anemia in 

rat models. The lead drug was also effective in myelosuppressive rats by preventing the 

occurrence of severe thrombocytopenia whilst ameliorating dilutional anemia, compared 

to rats receiving daily administration of unmodified rhIL-11 at the same dose. This 

attractive finding also suggested that a single injection in each chemotherapy regimen 

clinically possible in the future. Such an advantage is particularly useful in treating 

patients of acute radiation syndrome when frequent administration is not feasible in a 

major event of a widespread radiation exposure.  
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3.1 INTRODUCTION 

Recombinant human interleukin-11 is the only approved medicine treating 

chemotherapy-induced thrombocytopenia, but its short circulation half-life and risk of 

adverse events limit clinical prevalence. Many strategies have been developed to extend 

terminal half-life of protein therapeutics, in which PEGylation is an attractive approach 

because it is already approved with manageable risk and does not require a new clone 

construct to express fusion protein as it may perhaps create new unknown concerns over 

safety and efficacy. In the present study, recombinant human IL-11 was intended to be 

modified with polymeric polyethylene glycol in order to prolong circulation half-life, and 

reduce off-target effects and immunogenic response due to shielding effect. The 

enlargement of PEGylation usually suggests a confinement in circulation blood, thus 

restricting off-target accessibility. To date, nearly all approved PEGylated biotherapeutics 

employed amino conjugation (Table 1-5). Early attempts employed non-selective and 

random conjugation resulting in a problem of product heterogeneity of PEGamers 

(number of PEG moiety conjugated) and positional isoforms. Such a product presents 

regulatory hurdles because it requires sophisticated analytical efforts to characterize 

PEGylation site and consistency of the conjugation process. As regulatory approval 

requirements are becoming stringent, PEGylated product is required to be a consistent 

and uniform mixture of PEG isomers whenever possible.  

US Patent No. 8,133,480 disclosed PEGylation on cysteine residue of IL-11 mutein 

by creating the only additional cysteine at the C-terminus. US Patent Application No. 

2010/0098658 on the other hand, disclosed modification on N-terminally truncated IL-11 

with 20 KD PEG via amine or amide bonding. In addition, random conjugation on single 

or double sites with linear or branched PEG of 20 KD conjugating onto IL-11’s amine 

groups was reported.13 However these attempts were failed to achieve satisfactory 
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terminal half-life and thus the resulting conjugates were only effective by frequent dosing 

scheme in myelosuppressive animal models. More importantly, the inherent side-effect 

of plasma expansion derived from exposure to rhIL-11 conjugate is scarcely addressed. 

A knowledge of structural information allows one to design a suitable modification 

site on activity-irrelevant position. The high-resolution structural information of rhIL-11 

determined in 201432 reaffirms the contemplated four-helical core motif associated by 

hydrophobic interaction.33 Interestingly, addition of glycosylation on so called “non-core 

regions” (N-terminus and loops) of rhIL-11 enhanced cell-stimulatory properties, 

suggesting inherently constrained activity of the sequences designed by nature.34 

Mimicking glycosylation, addition of PEG moiety onto these regions might perhaps lead 

to the least impact on bioactivity, and probably enhance activity. Figure 3-1~3-3 

illustrated the three-dimensional structures of rhIL-11 as displayed by α-backbone from 

top-down and side views. Residues of lysine and histidine, susceptible to amine 

conjugation, are highlighted in the figures, suggesting three lysyl amines accessible to 

conjugation whereas those of histidine inaccessible. Meanwhile positively charged Lys-

41 and Lys-98 are contributed to the binding site primarily associated with gp130,33, 36 

leaving N-terminal conjugation more favorable. 

The present study relates to generation of various PEGylated rhIL-11s with regards 

to PEG form, length and conjugation site and number, as well as a screening process for 

a lead drug based on pharmacologic properties such as pharmacokinetics and 

pharmacodynamics, for subsequent Investigational New Drug (IND) applications. The 

generation of PEGylated rhIL-11 was begun with production of conjugated rhIL-11s, 

followed by a one-step isolation of the target protein at high purity. To accelerate 

development timeline, the rhIL-11 was acquired from the purified bulk approved by the 

Chinese Food and Drug Administration (CFDA). 
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(A) 

 

(B) 

 

Figure 3-1 Stereo views of rhIL-11 structure in perpendicular axis.  

IL-11 is illustrated by backbone structure with lysine residues marked in red and histidine 

residues in blue stick representation. The N-terminal sequence is incorporated manually. 

(A) Top-down view. (B) Bottom-up view. 
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(A) 

 

(B)

 

 

Figure 3-2 Stereo structural model of rhIL-11 structure in side views.  

rhIL-11 is illustrated by α-carbon backbone with lysine residues marked in red and 

histidine residues in blue stick representation. The N-terminal sequence is incorporated 

manually. The molecular model rotates from (A) towards (B) clockwise by 90°. 
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(C) 

 

(D) 

 

 

Figure 3-3 Stereo structural model of rhIL-11 structure in side views.  

rhIL-11 is illustrated by α-carbon backbone with lysine residues marked in red and 

histidine residues in blue stick representation. The N-terminal sequence is incorporated 

manually. The molecular model rotates from (B) of Figure 3.2 towards (C) clockwise by 

90°, and further rotates from (C) towards (D) clockwise by additional 90°. 
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3.2 MATERIALS AND METHODS 

 

3.2.1 Materials 

Purified bulk of recombinant human IL-11, derived from yeast was provided by 

Hangzhou Jiuyuan Gene Engineering Company (Lot# 20121005/1006/1007/1008). 7TD1 

cell line, derived from murine myeloma cells fused with C57Bl/6 spleen cell, was 

acquired from DSMZ (No. ACC 23). Paraplatin®  injection (generic name: carboplatin) 

10 mg/mL (Lot: 5A03935) was manufactured by Bristol-Myers Squibb Company. 

Trypsin of sequencing grade, modified from bovine pancreas (Cat. No. 11418025001) 

was purchased from Roche diagnostics. Mouse IL-11 receptor alpha was acquired from 

MyBioSource, Inc. (Cat. No. MBS553276). CellTiter 96®  Aqueous Non-Radioactive 

Cell Proliferation Assay (MTS) (Cat. No. G5430) was purchased from Promega. The 

DuoSet ELISA development kit for human IL-11 was purchased from R&D Systems Inc. 

(Cat. No. DY218). The Purification resin- MacroCap SP (Product code 17-5440-01) was 

acquired from GE Healthcare Life Sciences. The Precise Tris-Glycine 8-16% 

polyacrylamide gels were purchased from Thermo Scientific. Trifluoroacetic acid (Cat. 

No. 302031) and acetonitrile (Cat. No. 34967) for HPLC operation were purchased from 

Sigma-Aldrich. Monofunctional PEG of various forms were purchased from NOF 

Corporation and JenKem Technology USA, as listed in Table 3-1. Sodium 

cyanoborohydride (Cat. No. 156159) was acquired from Sigma-Aldrich.  

 

  



Modification of Recombinant Human Interleukin-11 to Enhance Pharmacologic Properties and Therapeutic Potential 

 

91 

Table 3-1  Structures of mono-functionalized PEG reagents employed for 

conjugating rhIL-11. 

Manufacturer/ 

Cat. No. 

Chemical structure / Molecular size 

NOF/ 

SUNBRIGHT 

ME-200AL 
n

H3CO CH2CH2O CH2 CH2 CH

O

                 20 KD 

Jenkem/ 

Y-PLAD-40 
n

n

H3CO CH2CH2O CH2 CH2

H3CO CH2CH2O CH2 C

O

N CH2 C

O

NH C2H4 CH

O

 40 KD 

NOF/ 

SUNBRIGHT 

ME-120TS 
n

H3CO CH2CH2O C

O

O N

O

O

                    12 KD 

NOF/ 

SUNBRIGHT 

GL2-400TS 

n

n

H3CO CH2CH2O

H3CO CH2CH2O CH2

CH

CH2 O C

O

O N

O

O

               40 KD 

NOF/ 

SUNBRIGHT 

GL2-200AL3 

n

n

H3CO CH2CH2O

H3CO CH2CH2O CH2

CH

CH2 O C

O

NH C2H4 CH

O

              20 KD 

NOF/ 

SUNBRIGHT 

ME-050TS 
n

H3CO CH2CH2O C

O

O N

O

O

                     5 KD 

NOF/ 

SUNBRIGHT 

GL4-400AL3 

n

n

H3CO CH2CH2O

H3CO CH2CH2O CH2

CH

CH2 O CH2CH2O CH2

H3CO CH2CH2O

H3CO CH2CH2O CH

CH2

CH2 O CH2CH2O CH

CH2 O C

O

NH C2H4 CH

O

n

n

m

m

40 KD 

 

3.2.2 Preparation of PEGylated rhIL-11 

To correlate drug structure and its pharmacologic effect, each PEGylated IL-11 
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under investigation was given a code with a few characteristics listed in Table 3-2.  

 

Table 3-2  PEGylated IL-11s under investigation with different molecular mass, 

structure and conjugation site(s). 

Codes PEG size/KD Predominant amino group(s) Structure of PEG 

I20NL Single 20 N-terminal Linear 

I40NY Single 40 N-terminal Y-shaped 

I12KL Single 12 Lysine Liner 

I40KY Single 40 Lysine Y-shaped 

I20NY Single 20 N-terminal Y-shaped 

I20NL2 20 x 1~3 N-terminal/Lysine Linear 

I20NY2 20 x 1~3 N-terminal/Lysine Y-shaped 

I05KL4 5 x 4~5 N-terminal/Lysine Linear 

I40NX Single 40 N-terminal Comb-shaped 

 

Preparation of I12KL/I40KY/I05KL4 

5 mg/mL protein was introduced with a mixture of 1 to 2-fold molar ratio of 

respective PEG reagent (NOF/SUNBRIGHT ME-120TS for I12KL; SUNBRIGHT GL2-

400TS for I40KY) in 50 mM NaHCO3 at pH about 8. I05KL4 (PEG reagent: 

NOF/SUNBRIGHT ME-120TS) was prepared with the same manner except the 

excessive molar ratio of PEG to protein at 12-fold. The reaction mixture was incubated 

at room temperature for 2 hours, followed by quenching with 2 mM glycine. PEGylated 

product was isolated using chromatographic purification procedures. 

 

Preparation of I20NL/I40NY/I20NY/I20NL2/I20NY2/I40NX 

5 mg/mL protein was introduced with a mixture of 1 to 2-fold molar ratio of 

respective PEG reagent (NOF/SUNBRIGHT ME-200AL for I20NL and I20NL2; 

Jenkem/Y-PLAD-40 for I40NY; NOF/SUNBRIGHT GL2-200AL3 for I20NY and 

I20NY2; NOF/SUNBRIGHT GL4-400AL3 for I40NX), in 10 mM sodium 
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cyanoborohydride and 50 mM NaH2PO4. For conjugating onto two sites, the molar ratio 

of PEG was added at 3.5 to 5.5-fold. The pH was adjusted to 4.5-5.0. The reaction mixture 

was incubated at room temperature for 24 hours, followed by quenching with 2 mM 

glycine. PEGylated product was isolated using chromatographic purification. 

 

Chromatographic purification 

The protein purification was carried out with the protein purifier- Ä KTAprime plus 

from GE Healthcare Life Sciences. The pH of resulting solution was adjusted to 4~5 with 

1M acetic acid if necessary, followed by adding four-volume of water. Prior to loading, 

the resulting solution was centrifuged or filtered through a 0.45 or 0.2 μm membrane to 

remove particulates. The mixture was loaded onto a MacroCap SP column (1 x 6 cm) that 

was equilibrated with buffer A containing 20 mM sodium acetate pH 5. The protein was 

eluted with gradient- or step-elution of buffer B, containing 20 mM sodium acetate pH 5 

and 1M NaCl. I12KL and I05KL4 on the other hand, was isolated with the same manner 

except employing buffer A containing 20 mM sodium phosphate pH 7, and buffer B 

containing 20 mM sodium phosphate pH 7/1M NaCl. 

 

3.2.3 Protein content 

The protein content is determined with the UV absorbance at 280 nm 

aforementioned in section 2.2.4.  

 

3.2.4 Sodium Dodecyl Sulfate-Polyacrylamide gel electrophoresis 

The molecular weight of various IL-11 conjugates are evaluated by sodium dodecyl 

sulfate-polyacrylamide gel electrophoresis with Biorad’s Mini-PROTEAN system 

coupled with pre-cast gels, as described in section 2.2.5. 
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3.2.5 Animal studies of preliminary pharmacokinetics and pharmacodynamics 

Healthy Sprague–Dawley rats were purchased from BioLASCO Taiwan Co., Ltd. or 

the Vital River Laboratories (Beijing, China). Animals were sub-caged in a conventional 

clean facility maintained at a 12-hr light and dark cycle with constant temperature and 

humidity control. The in vivo manipulation was carried out with procedures adhered to 

the Guide for the Care and Use of Laboratory Animals (NRC, USA) and approved by the 

relevant research committee for animal care and use. Dosing solution of each test article 

was diluted to a final concentration at 30 μg/mL using phosphate saline buffer as diluent. 

 

Pharmacokinetics study in rats 

In preliminary animal studies, three male rats aging 6~8 weeks in a group were 

administered with a single dose by intravenous route through jugular vein catheter at a 

dosing strength of 100 μg/kg. Samples containing about 0.3 mL whole blood from rats 

were collected in designated time points in heparin-containing tubes. The plasma samples 

were preserved in deep freezer after centrifugation. For a study of subcutaneous route, 

each group containing 3 male Sprague-Dawley rats was received the corresponding 

compound by subcutaneous injection at a dose of 150 µg/kg. From the eye socket, 0.3~0.4 

mL of whole blood sample from each animal was collected at designated sampling time 

points into tubes containing anticoagulant using glass capillary tube. The concentration 

of immunoreactive IL-11 in plasma sample was determined with the DuoSet ELISA 

development kit for human IL-11, using the Reagent Diluent provided or 10% plasma in 

the Reagent Diluent as diluent. The parameters of pharmacokinetics were calculated by 

the PKSolver, an add-in program for pharmacokinetic and pharmacodynamic data 

analysis in Microsoft Excel.95 
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Pharmacodynamics study in rats 

The pharmacodynamics assessment was carried out with healthy or 

myelosuppressive male Sprague-Dawley rats following intravenous administration 

through tail vein or subcutaneous administration, at designated dose strength. Bone 

marrow dysfunction was induced by intravenous injection of carboplatin at a dose 

strength of 40 mg/kg. After administration of test articles, samples containing about 0.3 

mL of whole blood were collected at designated time points in heparin-containing tubes. 

The blood cell count was carried out using the Cell-DYN 3500 hematology analyzer. 

Potassium, sodium and albumin content were determined by the Hitachi 7080 

autoanalyzer. Statistical analysis for calculation of p values was determined by a two-

tailed unpaired student t test (homoscedastic – assuming equal variances). 

 

3.2.6 Plasma volume determined by Evans Blue 

The plasma volume can be calculated from the dye concentration injected into the 

blood stream.96 In brief, Evans blue dye solution (2 mg/mL in normal saline) was injected 

into the right tail veil of a rat at 1 mL/kg. A heparinized blood sample (1 mL) was drawn 

after 5 min of injection from the left tail vein. Plasma was collected after centrifugation 

at 1,100 g for 15 min. Absorbance at 620 nm was recorded and the concentration of Evans 

blue dye in plasma was determined against a standard curve of Evans blue dye-saline 

solution. The plasma volume is yielded as the following equation indicates. 

Plasma volume = (Ei x Vi) / Ep         Eq. 3-1 

Where Ei is the concentration of Evans blue injected; Vi is the volume of injection; and 

Ep is the concentration of Evans blue determined in plasma. 

 

3.2.7 Cell-based bioactivity of rhIL-11 

The biological activities of rhIL-11 and conjugated rhIL-11 were calculated in a cell 
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proliferation assay, using 7TD1 cell-line. The procedures were described in section 2.2.9. 

 

3.2.8 Concentration of rhIL-11 conjugate in rat plasma by enzyme-linked 

immunosorbent assay 

The enzyme-linked immunosorbent assay (ELISA) was used to measure the 

concentration of rhIL-11 conjugate in a plasma sample using human IL-11 DuoSet ELISA 

kit from R&D system. Procedures were performed based on the operation manual 

provided by the manufacturer except preparations of reference standards. Two reference 

standards of PEGylated rhIL-11 ranging 0.2~200 ng/mL were prepared by serial two-fold 

dilution in 0% and 10% plasma-containing diluent respectively using the reagent diluent 

provided in order to normalize different matrix effect due to plasma-containing samples. 

To each 20 μl plasma sample, 180 μl reagent diluent was added to obtain a 10-fold dilution. 

100- and 1,000-fold dilution were prepared by serial dilution in the same manner using 

the reagent diluent provided. If reading of a sample at 100-dilution was not detectable, 

quantitation was calculated using a sample of 10-fold dilution against reference standards 

in 10% plasma-containing diluent. The assay was read at absorbance of 450 nm, using 

UV/Vis microplate reader- Multiskan GO from Thermo Fisher Scientific. Concentration 

of PEGylated rhIL-11 was calculated by the software of Skanlt RE for Multiskan GO 3.2 

using the four parameter logistic model. 

 

3.2.9 Analysis of product purity by reverse-phase liquid chromatography 

The content of each PEGamer was analyzed by reverse-phase (RP) chromatography 

employing the UPLC coupled with diode-array detector- UltiMate 3000 Rapid Separation 

LC Systems from Thermo Fisher Scientific. The chromatographic procedure was carried 

out using procedures as followed. 
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 Column: ACQUITY UPLC PST C18 Column, 300 Å  pore size, 1.7 µm, 2.1 mm x 

150 mm (Part No. 186003687), equipped with the Acquity BEH C18 VanGuard Pre-

column, 300 Å  pore size, 1.7µm, 2.1x5mm. (Part No. 186004629). 

 Mobile phases and gradient: 

Mobile phase A: 0.1% (v/v) trifluoroacetic acid (TFA) in 50% (v/v) acetonitrile; 

Mobile phase B: 0.1% (v/v) TFA in 95% (v/v) acetonitrile; 

Time (min) A% B% 

0 100 0 

2 100 0 

9.9 80 20 

9.95 0 100 

11.3 0 100 

11.31 100 0 

17.5 100 0 

 Flow rate: 0.4 ml/min. 

 Column temperature: 65°C. 

 Detection: 214 nm. 

 Injection amount: 5 μg. 

 

3.2.10 Peptide mapping 

The method was performed using aforementioned procedures in section 2.2.11. 
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3.3 RESULTS 

 

3.3.1 PEG moiety and plasma stability 

It is well known that PEG can impart plasma stability of its conjugates. In this study, 

four rhIL-11 conjugates of various PEG size were created in small scale (about 1~2.5 mg) 

to investigate the respective plasma stability in normal rats. I20NL (Table 3-2, conjugated 

with 20-KD linear PEG) and I40NY (Table 3-2, conjugated with 40-KD Y-shaped PEG) 

were created by selective conjugation onto N-terminal amines and were separated by 

MacroCap SP cation-exchanger with chromatograms shown in Figure 3-4. Fractions 

containing mono-PEGylated product were combined based on SDS-PAGE analysis. The 

pooled solution was sterilely filtered through a 0.2 μm membrane and stored at 4°C prior 

to animal experiment. The overall yield for I20NL and I40NY was both 18%. Similarly, 

I12KL (conjugated with 12-KD linear PEG) and I40KY (conjugated with 40-KD Y-

shaped PEG) were created with functionalized N-hydroxyl succinimide (NHS) reagents 

that were presumably labeled onto random amines although subsequent peptide mapping 

suggested mostly on N-terminal amine (Figure 3-11). The end products were separated 

by MacroCap SP cation-exchanger with chromatograms shown in Figure 3-5. Fractions 

containing mono-PEGylated product were combined based on SDS-PAGE analysis. The 

pooled solution was sterilely filtered through a 0.2 μm membrane and stored at 4°C prior 

to animal experiment. The overall yield for I12KL and I40KY was 7% and 22% 

respectively. The purity and apparent molecular weight of each conjugate was displayed 

in Figure 3-6, indicating relatively pure mono-PEGylated form of the various conjugates 

in the SDS-PAGE analysis. The apparent molecular weight of PEGylated IL-11 is larger 

than protein of the same molecular size due to PEG’s loose structure.  
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(A) Liquid chromatographic isolation of I20NL    

 

 

(B) Liquid chromatographic isolation of I40NY 

 

Figure 3-4 Isolation of I20NL and I40NY with liquid chromatography using 

MacroCap SP column, a cation-exchanger. Red trace is the in-line conductivity; and blue 

trace is UV absorbance at 280 nm. The shadow region represents fractions for pooling. 

 

 

 

 

 

Column: MacroCap SP 1x6 cm 

Sample: PEGylated rhIL-11- I20NL crude 

Buffer A: 20 mM sodium acetate pH 5 

Buffer B: Buffer A with 1 M NaCl 

Flow rate: 1 ml/min 

Column: MacroCap SP 1x6 cm 

Sample: PEGylated rhIL-11- I40NY crude 

Buffer A: 20 mM sodium acetate pH 5 

Buffer B: Buffer A with 1 M NaCl 

Flow rate: 1 ml/min 
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(A)  Liquid chromatographic isolation of I12KL   

 

 

(B)  Liquid chromatographic isolation of I40KY   

 

Figure 3-5 Isolation of I12KL and I40KY with liquid chromatography using 

MacroCap SP column, a cation-exchanger. Red trace is the in-line conductivity, and 

blue trace is UV absorbance at 280 nm. The shadow region represents fractions for 

pooling.  

 

 

  

 

Column: MacroCap SP 1x6 cm 

Sample: PEGylated rhIL-11- I12KL crude 

Buffer A: 20 mM sodium phosphate pH 7 

Buffer B: Buffer A with 1 M NaCl 

Flow rate: 1 ml/min 

Column: MacroCap SP 1x6 cm 

Sample: PEGylated rhIL-11- I40KY crude 

Buffer A: 20 mM sodium acetate pH 5 

Buffer B: Buffer A with 1 M NaCl 

Flow rate: 1 ml/min 
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KD   M  1  2   3  4 

 

Figure 3-6 The purity and apparent molecular weight of rhIL-11 conjugates were 

resolved on a non-reducing 8-16% SDS-PAGE and visualized with Coomassie blue 

staining. Each sample was loaded at about 3 μg. Lane M: molecular weight marker in 

KD; lane 1: I20NL; lane 2: I40NY; lane 3: I12KL; lane 4: I40KY. 

 

 The plasma stability of each rhIL-11 conjugate along with their parental protein was 

evaluated in rats. Three healthy male Sprague-Dawley rats in a group were administered 

intravenously through jugular vein catheter with each modified or non-modified IL-11s. 

Blood samples were taken in nine time points within 24 hours as assigned (prior to 

administration, 5 min, 30 min, 1 hr, 2 hr, 4hr, 8 hr, 12 hr and 24 hr post-dosing). The level 

of immunoreactive IL-11 in each plasma sample was determined using commercially 

available DuoSet ELISA development kit for human IL-11, according to the 

manufacturer’s procedures. The result can be seen in Figure 3-7, illustrating the plasma 

concentration of the various forms of modified and unmodified rhIL-11s after a single 

intravenous administration at 100 μg/kg in rats. The calculated terminal half-life of un-

PEGylated IL-11 was found to be very short, less than 10 minutes as compared to a few 

hours of its PEGylated counterparts in the following order: I40KY (13.7 hr) ~ I40NY (8.5 
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hr) > I20NL (3.8 hr) ~I12KL (3.5 hr). The finding of pharmacokinetics suggested that 

higher molecular weight PEGs (such as 40 KD) imparted relatively greater plasma 

stability in terms of circulation half-life. 

 

 

Figure 3-7 Plasma concentrations of various modified and un-modified rhIL-11 after 

a single intravenous administration at 0.1 mg/kg to rats. Results are expressed as mean ± 

SD of three rats. 

 

3.3.2 PEG moiety and efficacy 

Mutation of rhIL-11 by engineering N- or O-glycosylation in the “non-core region” 

with additional molecular mass about 1.5~3 KD may modulate biological function of 

rhIL-11.34 Mimicking glycosylation, the IL-11 conjugated with multiple whilst short PEG 

molecules was created in small scale (~ 3 mg) to compare with the four single PEGylated 
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IL-11 conjugates aforementioned in terms of potential to stimulate production of 

peripheral platelets in healthy male rats. I05KL4 (Table 3-2), conjugated with multiple 5-

KD linear PEG was produced with functionalized N-hydroxyl succinimide (NHS) 

reagents that were presumably labeled onto lysyl and N-terminal amines. The resulting 

product was separated by MacroCap SP cation-exchanger with the chromatogram shown 

in Figure 3-8. The fraction No. 5 was sterilely filtered through a 0.2 μm membrane and 

stored at 4°C prior to animal experiment. The yield of this fraction was about 25%. The 

purity and apparent molecular weight of the conjugate were analyzed by the SDS-PAGE 

and result was displayed in Figure 3-9, indicating a heterogeneous pool containing about 

3~5 PEGamers with 4 PEGamer was the predominant species.  

 

 

Figure 3-8 Isolation of I05KL4 with liquid chromatography using MacroCap SP 

column, a cation-exchanger. Red trace is the in-line conductivity; and blue trace is UV 

absorbance at 280 nm. The shadow region represents the fraction collected for animal 

efficacy study.  

  

Column: MacroCap SP 1x6 cm 

Sample: PEGylated rhIL-11- I12KL crude 

Buffer A: 20 mM sodium acetate pH 5 

Buffer B: Buffer A with 1 M NaCl 

Flow rate: 1 ml/min 
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                           1   2   M  KD  

 

Figure 3-9 The purity and apparent molecular weight of I05KL4, the rhIL-11 

conjugate with multiple PEGylation, as resolved on a non-reducing 12% SDS-PAGE and 

visualized with Coomassie blue staining. Each sample was loaded at about 3 μg. Lane M: 

molecular weight marker in KD; lane 1: I05KL4; and lane 2: un-modified rhIL-11.  

 

 The potential of each IL-11 conjugate on stimulating the production of platelet was 

investigated in healthy rats. Four male Sprague-Dawley rats in a group were administered 

intravenously through tail vein with each modified or native rhIL-11 at a dosing strength 

of 0.1 mg/kg on day 0. Blood samples were drawn on the day prior to administration, and 

day 2, 4, 6, 8 and 10 of post administration. The result of each rhIL-11 conjugate was 

summarized in Figure 3-10, indicating that 40-KD PEG conjugates, showing that both 

I40NY and I40KY, induced higher platelet levels above baseline (74% and 60% 

respectively) than small PEG conjugates, such as I20NL (51%) and I12KL (22%) on day 

6. Single intravenous administration of un-modified rhIL-11 had as little efficacy as the 

vehicle control consisting of phosphate saline buffer. Contrary to enhancement of activity 

by glycosylation of rhIL-11s within the non-core region,34 multiple while short PEG 

conjugation (I05KL4, 5-KD PEG conjugated on 3-5 sites) was less effective than single 

+5 PEG -> 
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long PEG chain, as it had only a limited effectiveness of about 25% of platelet above 

baseline on Day 6. The finding suggested that longer PEG chain on single site may result 

in a higher efficacy respective of platelet induction, as shown by I40NY and I40KY 

achieving greatly enhanced in vivo efficacy. 

(A) Peripheral blood platelet count after single intravenous administration 

 

(B) Platelet increment after single intravenous administration 

 

Figure 3-10 Peripheral blood platelet of rats receiving a single intravenous 

administration of various rhIL-11 compositions on day 0. Results are expressed as mean 

± SD of four rats. 
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3.3.3 Conjugation site of I40NY and I40KY 

I40NY, the PEGylated recombinant human interleukin-11 was constructed by 

conjugating a Y-shaped polyethylene glycol chain onto amines of rhIL-11 forming a 

stable amine bond, preferably N-terminal amine by chemistry. I40KY on the other hand 

was conjugated by functionalized NHS reagent at pH 8 on any accessible amine forming 

amide bond. To compare the modification difference of I40NY and I40KY, peptide 

mapping was carried out using electrospray MS coupled with online HPLC to investigate 

the respective conjugation site. The polypeptide backbone was cleaved by trypsin, to 

obtain a number of smaller peptide fragments that could be resolved onto RP-HPLC 

chromatography. Information of each peptide was identified manually with MS/MS 

information. Figure 3-11 displayed tryptic maps of I40NY, I40KY and rhIL-11 

(unconjugated), revealing that a peak corresponding to T1 peptide was noticeably 

declined in tryptic maps of I40NY and I40KY. As a result, both conjugates contain T1 

peptides with PEG linkage, where N-terminal amine is the only possible site for chemical 

conjugation. It concluded that I40NY and I40KY being N-terminally linked, only differed 

with each other in chemical bonding, as it was amine bond for I40NY and amide bond for 

I40KY. The finding also supported the observation that both conjugates exerted similar 

effect in plasma half-life and platelet induction via a single intravenous administration.  
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Figure 3-11 Peptide maps of tryptic digestion of I40NY, I40KY, and rhIL-11 as a 

control. ↓ indicates position missing T1; ↑ indicates position of PEG-containing peptide. 

 

3.3.4 Efficacy and dilutional anemia induced by N-terminally PEGylated IL-11s 

In the study of peptide mapping, crosslinking with aldehyde-functionalized and 

NHS-activated PEG both yielded predominant N-terminal conjugation. Since amine bond 

is more stable than amide bond, and the yield of mono-PEGylated product is more 

homogeneous due to selective PEGylation using reductive amination, in the next study, 

various N-terminal conjugates were investigated in the aspect of platelet production, as 

well as levels of hematocrit. Clinically approximately two-thirds of patients receiving 

I40KY + Trypsin 

I40NY + Trypsin 

rhIL-11 + Trypsin 
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Neumega®  experience edema that is often manifested as dilutional anemia. Hematocrit, 

the volume percentage of red blood cells in blood, is a very useful indicator to evaluate 

the off-target effect of each modified IL-11. A model of dilutional anemia was established 

in advance by dosing rhIL-11 for continuous 14 days, mimicking clinical dosing scheme, 

followed by a 7-day recovery in healthy rats. Eight male Sprague-Dawley rats in a group 

were administered subcutaneously with rhIL-11 at dosing strength of 0.15 and 0.3 mg/kg, 

as well as phosphate saline buffer as the vehicle control. Four rats were sacrificed on Day 

15 for plasma evaluation and the rest of four were euthanized on Day 22 for an assessment 

of plasma volume after recovery phase. Blood samples were collected at designated time 

points including pre-administration, day 3, 5, 7, 9, 11, 13, 15, 17, 19 and 22 of post-

administration. The result of platelet production in response to rhIL-11 treatment can be 

seen in Figure 3-12, implicating that dose-dependent platelet productions were up to 41% 

and 51% increment by daily injection of rhIL-11 at 0.15 and 0.3 mg/kg respectively. 

However the group of vehicle control showed a normal fluctuation of platelet number at 

about 10%. The level of white blood cell (WBC) was also monitored, suggesting little 

stimulating effect on WBC associated with rhIL-11 treatment (data not shown). 

Meanwhile the off-target toxicity of rhIL-11 was monitored by hematocrit (HCT) 

change as shown in Figure 3-13. The results suggested that receiving rhIL-11 significantly 

induced dilutional anemia which was derived from expansion of plasma volume. The 

effect of dilutional anemia seemed to be dose-independent, as both dosing strengths led 

to similar HCT reduction. HCT gradually returned probably due to feedback regulation. 

Additionally plasma volumes were determined on Day 15 and Day 22 to support HCT 

results. As seen in Figure 3-14, plasma volume was notably expanded due to treatment of 

rhIL-11 and was returned to a normal level after recovery phase. These findings suggested 

HCT a useful indicator to evaluate side-effect of plasma expansion in real-time. 
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(A)  Peripheral blood platelet counts after continuous subcutaneous administrations for 

14 days 

 

(B) Peripheral blood platelet increment after continuous subcutaneous administrations 

for 14 days 

 

Figure 3-12 Peripheral blood platelet of rats receiving continuous subcutaneous 

administration of rhIL-11 at two dose strengths. (A) Peripheral blood platelet counts after 

continuous subcutaneous administration for 14 days. Results are expressed as mean ± SD. 

(B) Peripheral blood platelet increment after continuous subcutaneous administration for 

14 days. 
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(A)  Hematocrit after continuous subcutaneous administrations for 14 days 

 

(B) Hematocrit increment after continuous subcutaneous administrations for 14 days 

 

Figure 3-13 Hematocrit of rats in response to continuous subcutaneous administrations 

of IL-11 at two dose strengths. (A) Hematocrit after continuous subcutaneous 

administrations for 14 days. Results are expressed as mean ± SD. (B) Hematocrit 

increment after continuous subcutaneous administrations for 14 days. 
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Figure 3-14 Plasma volumes of rats in recovery phase, after receiving rhIL-11 at 0.15 

and 0.3 mg/kg from Day 0 to 14. Results are expressed as mean ± SD of 4 rats. Data 

processing fit with T test model by comparing candidate and blank control, *: p < 0.05; 

***: p < 0.0005.  

 

In order to investigate efficacy and side-effect of N-terminal conjugates, four 

additional modified IL-11 were created namely I20NL2, I20NY, I20NY2 and I40NX 

(Table 3-2). I20NL2 was the result of chromatographic isolation of double PEGylated 

species from a reaction mixture containing more aldehyde-activated PEG reagent (3.5X 

molar ratio). However PEGamers were not well resolved onto the cation exchanger- 

MacroCap SP column and a heterogeneous pool containing 1~3 PEGamers was therefore 

present (Figure 3-15). I20NY and I20NY2 were produced by reacting with 1.5X and 5.5X 

molar ratio of aldehyde-activated PEG reagent respectively, followed by chromatographic 

purification in the same manner. Similarly, the double PEGylated was not able to be 

isolated at high purity and the product contained 1~3 PEGamer with 2 as the major species. 

I40NX was created with the same protocol as I40NY except the use of aldehyde-
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functionalized PEG of comb-shape. The purity and apparent molecular weight of each 

conjugate were shown in the SDS-PAGE analysis in Figure 3-15, suggesting relatively 

homogeneous composition for mono-PEGylated IL-11s whereas heterogeneous product 

containing about 1~3 PEGamers for di-PEGylated product. It was also noted that Y-

shaped PEG exerted a larger hydrodynamic radius than linear counterpart of the same 

molecular size, as the apparent molecular weight of I20NL is about 50 KD while it is 

about 66 KD for I20NY. 

 

          KD  1   M  2   3   4 

 

Figure 3-15 The purity and apparent molecular weight of IL-11 conjugate with N-

terminal PEGylation, as resolved on a non-reducing 8-16% SDS-PAGE and visualized 

with Coomassie blue staining. Lane M: protein molecular weight reference standard; 

Lane 1: I40NX; Lane 2: I20NY; Lane 3: I20NY2; Lane 4: I20NL2. Each lane was loaded 

at about 3 μg sample.  

 

Next, in order to select a lead drug, the potential of each N-terminally conjugated 

rhIL-11 on stimulating production of platelet as well as associated dilutional anemia was 

exploited in healthy rats via weekly subcutaneous administration due to a prolonged half-

life. The pharmacodynamic assessment was carried out with four male rats in a group 

<- +3 PEG (20-KD linear) 
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<- +1 PEG (20-KD linear) 
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following a weekly dosing regimen for two weeks, at a dosing strength of 0.15 mg/kg. 

The reference group on the other hand was treated with daily injection of rhIL-11 for 

continuous 14 days at the same dose. Blood samples were taken in designated time points 

including pre-administration, day 2, 4, 6, 8, 10, 13, and 14 of post-administration. The 

results were summarized in Figure 3-16, suggesting that PEG length and architecture can 

influence the effectiveness of the conjugate. Particularly, the non-linear shape PEG 

molecule imparted higher potency than its linear counterpart of the same molecular size. 

In parallel comparison as displayed in the figure, I20NY induced more platelet increment 

(58~70%) than I20NL (46~55%), where Y represented the Y-shape PEG and L the linear 

shape PEG. However I40NY (Y-shape) and I40NX (4-arm comb-shape) were comparable 

in platelet production as both increased up to about 65~70% above baseline, suggesting 

that the influence of PEG shape was saturated when its size was about 40-KD or above. 

Moreover, conjugate of double PEGylation in general may reduce the in vivo efficacy, as 

I20NL2 (linear PEG onto two sites) and I20NY2 (Y-shaped PEG onto two sites) had 

fewer platelet production than their corresponding single PEGylated counterparts. I40NY, 

I40NX and I20NY were therefore selected as candidate drugs due to their potential to 

stimulate production of platelet and were subject to further evaluations. The level of white 

blood cell (WBC) was also monitored, revealing little effect on stimulating WBC 

associated with treatment (data not shown). 

It was noted in Figure 3-16 that the effectiveness of rhIL-11 began to drop on day 6 

in the 14-day dosing regimen, probably due to down regulation or immunogenicity. 

Similarly in the figure, it also showed that the effect of second administration was 

somehow down-regulated for smaller PEG conjugates such as 20-KD PEG regardless of 

number, site and architecture of conjugation. As a result, I20NY was excluded from 

further candidate evaluation. 
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(A) Peripheral blood platelet count after weekly intravenous administrations 

 

(B) Peripheral blood platelet increment after weekly intravenous administrations 

 

Figure 3-16 Peripheral blood platelet of rats receiving weekly administration of N-

terminally modified rhIL-11 or daily injections of rhIL-11 for 14 days via subcutaneous 

route. (A) Peripheral blood platelet counts after single subcutaneous administration every 

7 days. Results are expressed as mean ± SD of four rats. (B) Peripheral blood platelet 

increment after single subcutaneous administration every 7 days. 
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white blood cells and platelets rise to the top, whereas the red blood cells sink to the 

bottom. A normal range of hematocrit for male and female rats is 45% and 43.3% 

respectively.24 Hematocrit status is therefore used as a marker for assessment of side-

effect in clinical use of rhIL-11, because patients might experience dilutional anemia due 

to plasma expansion. Next the related side-effect of dilutional anemia associated with 

rhIL-11 conjugates was evaluated in healthy rats in response to weekly administration of 

various N-terminally conjugates. As shown in Figure 3-17, all drugs resulted in decreased 

hematocrit but among them, I40NY presented a smaller magnitude while maintained a 

higher platelet level than the rest of rhIL-11 conjugates. Three N-terminal conjugates, 

I20NY, I40NY and I40NX were additionally evaluated on Day 15 by three indicators of 

off-target effects on plasma volume, potassium and albumin content (Figure 3-18). An 

expansion of plasma volume, determined by Evans blue, was anticipated in all treatment 

groups, in which I40NX presented the largest expanded volume. A decreased plasma 

albumin was observed partly due to an expanded plasma volume, in which the group of 

IL-11 treatment was the worst whereas PEGylated conjugates were ameliorated. In 

addition, hyperkalemia (a rise of potassium in blood) was observed in all treatment groups.  
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(A) Hematocrit after subcutaneous administrations 

 

(B) Hematocrit increment after subcutaneous administrations 

 

Figure 3-17 Hematocrit or rats in response to subcutaneous administration of modified 

and unmodified rhIL-11s, on a weekly and daily dosing regimen respectively. (A) 

Hematocrit after subcutaneous administrations. Results are expressed as mean ± SD of 

four rats. (B) Hematocrit increment after subcutaneous administrations. 
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Figure 3-18 Effects of rhIL-11 treatment on plasma volume, potassium and albumin in 

healthy rats on Day 15. Data processing fit with T test model by comparing candidate and 

blank control, *: p < 0.05; ***: p < 0.0005. Data processing fit with T test model by 

comparing candidate and IL-11, #: p<0.05. 
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The mitigated dilutional anemia of dosing with I40NY was more prominent when 

compared in the same chart with other individual animal experiments using conjugated 

and unconjugated IL-11s. A correlation between platelet production and side-effect as 

manifested on reduction of hematocrit was established in Figure 3-19 suggesting a trend 

of intensifying off-target toxicity along with the dose-dependent efficacy when various 

modified and unmodified IL-11s were plotted in the chart. The distribution of I40NYs at 

different doses, was distinctly located on the right upper region of the figure, indicating 

less plasma expansion than some other drug candidates and unmodified IL-11 on the basis 

of comparable efficacy. I40NY was therefore selected as the lead drug for IND-enabling 

studies while I20NY and I40NX are backup candidates. 

 

 

Figure 3-19 Cytokine-mediated maximal platelet increment was associated with 

decline of hematocrit. The dashed arrow indicates a correlation between PLT and HCT, 

that is, the more PLT produciton the worse HCT depression. 
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3.3.5 Residual bioactivity of IL-11 conjugates 

The biological activities of various conjugates were assessed in a cell proliferation 

assay, using 7TD1 cell line. PEG moiety plays a role in shielding parental protein from 

interaction with receptor/ligand on-and-off. Large and long PEG chain could inevitably 

block protein interaction in an extensive manner, leading to reduced bioactivity in cell-

based bioassay as expected. Such a reduction of in vitro bioactivity is a trade-off for in 

vivo efficacy as seen in the example of PEGylated interferon α-2a (Pegasys, Hoffmann-

La Roche) whose in vitro bioactivity carries only 7%. However conjugation onto residues 

crucial to activity may abolish in vitro bioactivity altogether. In the assay, 7TD1 cells 

grew in response to various conjugates at different drug concentrations. After addition of 

developers, absorbance at 490 nm was read in a microplate-reader, yielding Figure 3-20 

and Table 3-3 below, that indicated declined in vitro bioactivity of all conjugates as 

expected. Bioactivity of each conjugate in decreasing order in the cell-based assay was 

as followed: rhIL-11 (100%) >I12NL (33%) > I20NL, I20NY (about 13~16%) > I40NY, 

I40NX (both 11~13%) > I40KY (6%) >I20NY2 (3%). The steric interference is the 

dominant factor in determining the biological activity of PEGylated conjugates, as a 

drastic decrease in bioactivity of the conjugate with overall PEG moiety larger than 20 

KD. Additional conjugation onto I20NY remarkably reduced bioactivity from 16% to 3% 

(I20NY2). Taken in vivo efficacy of I20NY2 (Figure 3-16) into consideration, the reduced 

potency indicated that a second additional conjugation probably occurred on an amino 

acid residue pivotal to receptor binding. It therefore concluded that modification with 

single PEG molecule at N-terminal residue resulted in the least damage to bioactivity.  

  



Modification of Recombinant Human Interleukin-11 to Enhance Pharmacologic Properties and Therapeutic Potential 

 

120 

 

 

  IL-11 I20NY I20NY2 I20NL 

EC50(pM) 30.49 191.60 1012.0 239.80 

R square 0.9918 0.9979 0.9988 0.9954 

 

 
 IL-11  I40NY I40KY I40NX 

EC50(pM) 30.80 277.20 536.40 292.90 

R square 0.9957 0.9926 0.9991 0.9968 

 

Figure 3-20 Cell proliferation activity of PEGylated rhIL-11 in 7TD1 assays, in 

comparison to unconjugated IL-11. 
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Table 3-3  Recovery of in vitro bioactivity of PEGylated rhIL-11s and their in vivo 

potential to produce platelet in rats. 

IL-11 conjugate Recovery of 

bioactivity 

Maximal PLT increment achieved in rats 

IL-11 100% 41% (0.15 mg/kg SC consecutive 7 days) 

I20NL 13% 55% (0.15 mg/kg single SC) 

I20NY 16% 70% (0.15 mg/kg single SC) 

I20NY2 3% 69% (0.15 mg/kg single SC) 

I40NY 11% 67% (0.15 mg/kg single SC) 

I40NX 11% 70% (0.15 mg/kg single SC) 

I40KY 6% 60% (0.1 mg/kg single IV) 

I12KL 33% 29% (0.1 mg/kg single IV) 

 

3.3.6 Preliminary pharmacokinetics of I40NY in healthy rats 

The pharmacokinetic studies of I40NY was performed to compare its circulating 

half-life to that of the reference drug- rhIL-11. Three male Sprague-Dawley rats in a group 

were injected subcutaneously with I40NY and rhIL-11 respectively at a dosing strength 

of 0.15 mg/kg. Figure 3-21 displayed the plasma concentration of immunoreactive IL-11 

in rats after a single subcutaneous administration. Plasma concentration of conjugated IL-

11 achieved a maximal level at about 12 hr and remained effective over 70 hr after 

administration. On the contrary, the recombinant human IL-11 reached a maximal 

concentration at about 2 hr, and was cleared from the circulation blood stream rapidly as 

the elimination half-life in plasma was about 1 hr. The pharmacokinetic parameters of 

I40NY via subcutaneous route were summarized in Table 3-4. The AUC of I40NY was 

expanded at least 6 times as much as that of rhIL-11. 
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Figure 3-21 Plasma concentration of immunoreactive IL-11 after a single 

subcutaneous administration in rats. Results are expressed as mean ± SD of three rats. 

 

Table 3-4  Pharmacokinetic parameters (mean) of I40NY and rhIL-11 in rats 

 unit I40NY rhIL-11 

T1/2, terminal half-life hr 18.6 1.1 

Tmax, time to maximal concentration hr 12 2 

Cmax, maximal plasma concentration ng/mL 142 147 

AUCall, area under curve  hr*ng/mL 3947 700 

AUCinf, area under curve to infinity hr*ng/mL 4421 701 

Vz, relative volume of distribution mL/kg 909 347 

Cl, relative clearance mL/hr/Kg 33.9 214 

MRT, mean residence time hr 27.2 3.7 

 

3.3.7 Preliminary pharmacodynamics of I40NY in healthy rats 

Pharmacodynamics assessment was carried out in male healthy Sprague-Dawley rats 

following a single administration through subcutaneous route at three different doses. 

Results of platelet production over time were summarized in Figure 3-22. A reference 

group administered with daily rhIL-11 at 0.15 mg/kg for 7 days was seen to have platelet 

number increased by 15%, while a single subcutaneous delivery of I40NY at 37.5, 75 and 

150 μg/kg had platelet increment by 37%, 46%, and 68% respectively on Day 6. Combing 
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results of all efficacy data on Day 6, a dose-responsive platelet production suggested 

dose-related efficacy induced by I40NY. It also implicated that in average, a single dose 

of I40NY be more effective than daily administration of unmodified IL-11 at the same 

dosing strength. In future clinical setting, perhaps a single lower dose may be applied to 

achieve comparable effectiveness as daily administration of rhIL-11.  
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(A) Dose-dependent peripheral blood platelet counts after a subcutaneous 

administration 

 

(B) Dose-dependent platelet increment after a subcutaneous administration 

 

Figure 3-22 Peripheral blood platelet of rats in response to a single subcutaneous 

administration of I40NY at three dose strengths. (A) Peripheral blood platelet counts after 

a subcutaneous administration. Results are expressed as mean ± SD of four rats. (B) 

Peripheral blood platelet increment after a subcutaneous administration. 
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3.3.8 Preliminary pharmacokinetics of I40NY in myelosuppressive rats 

The effectiveness of I40NY in myelosuppressive rats was demonstrated in 

carboplatin-treated rats. Three male Sprague-Dawley rats in a group were injected with 

40 mg/kg of carboplatin on Day 0 via intravenous administration to induce damaged 

function of bone marrow leading to thrombocytopenia. Medical intervention using daily 

injection (consecutive 7 days) of rhIL-11 or a single dose of I40NY on Day 1 at the same 

0.15 mg/kg was subcutaneously administered immediately after 24 hours of carboplatin 

treatment. Blood samples were drawn in eleven time points including pre-administration, 

day 4, 5, 6, 7, 8, 10, 11, 12, 13, and 14 of post-administration. Because veterinary 

definition of severe thrombocytopenia is not available, a tentative threshold is adapted 

from clinical data. For human cancer patients, the United States National Cancer Institute 

(NCI) has defined severity of thrombocytopenia: 75~150 x109/L as grade 1; 50~75 x109/L 

as grade 2; 25~50 x109/L as grade 3; and less than 25 x109/L as grade 4 (Common 

Terminology Criteria for Adverse Events v3.0, 2006). In general, platelet number less 

than 50 x109/L is clinically regarded as severe thrombocytopenia,97 which is about one-

third of normal level. Similarly, a contemplated threshold of severe thrombocytopenia in 

rat is tentatively established at about 300 x109/L, one-third of its averaged number of 900 

x109/L. 

The platelet levels of the myelosuppressive rats were shown in Figure 3-23. It can 

be observed that without treatment, subjects experienced about two days of severe 

thrombocytopenia (tentatively defined as less than 1/3 of normal platelet count), 

suggesting that the un-treated had a risk of life-threatening internal bleeding. The efficacy 

of IL-11 treatment was marginal as the nadir of daily dosing was very close to the 

threshold of severe thrombocytopenia. Single dose of I40NY, on the contrary, not only 

prevented the occurrence of severe thrombocytopenia but also accelerated the recovery 
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of platelet, as the platelet count returned to initial level earlier than the other two groups 

by 1.3 day. Meanwhile, the side-effect as manifested on the reduction of hematocrit was 

also explored in the myelosuppressive model. In Figure 3-24, treating with rhIL-11s 

caused hematocrit reduction in a rapid manner compared to the untreated group. However 

a single dose of I40NY alleviated the nadir, suggesting less plasma expansion than daily 

dosing with IL-11. These findings of the animal study suggested I40NY effective in 

preventing the severe thrombocytopenia induced by chemotherapy, while ameliorating 

the syndrome of plasma expansion. 

 

 

Figure 3-23 Pharmacodynamics profile depicting the platelet production in response 

to modified and unmodified IL-11s in an animal model of myelosuppressive rats. 

*: Data processing fit with T test model by comparing I40NY and Vehicle, p<0.05. #: 

Data processing fit with T test model by comparing I40NY and IL-11, p<0.005.  
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Figure 3-24 Hematocrit reduction of modified and unmodified IL-11s in an animal 

model of myelosuppressive rats. 

 

The effectiveness of I40NY in myelosuppressive rats was further investigated with 

double administrations prior or after carboplatin-treatment on Day 0. Three male 

Sprague-Dawley rats in a group were injected with 40 mg/kg of carboplatin on Day 0 via 

intravenous administration to induce damaged function of bone marrow leading to 

thrombocytopenia. Medical intervention using I40NY at 0.15 mg/kg was subcutaneously 

administered on Day -3 and Day 1 with one group of rats, along with Day 1 and Day 4 

with another group of rats for comparison. The platelet levels of the myelosuppressive 

rats can be seen in Figure 3-25, showing that without treatment, rats experienced about 

2~3 days of severe thrombocytopenia. Double administration, regardless of prior to or 

after chemotherapy, both prevented the occurrence of severe thrombocytopenia with 

accelerated recovery of platelet. However undertaking medical intervention prior to 

chemotherapy perhaps is not an advantageous approach for treating CIT, because in the 

group treated on Day -3 and 1, the platelet count was abruptly dropped on Day 5 after a 
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gradually increase of platelet until Day 3. This was perhaps largely accounted by the 

introduction of carboplatin on Day 0 that killed early progenitor cells of 

megakaryopoiesis. The finding suggested that preventive medical intervention might be 

less useful in clinical application. Perhaps administration at a time of post-chemotherapy 

was more crucial to rescue platelet by prompt proliferation and differentiation of early 

progenitor cells for megakaryopoiesis. Meanwhile, the side-effect of dilutional anemia 

was monitored as shown in Figure 3-26, indicating that double administration of I40NY 

on Day 1 and 4 also alleviated the syndrome. 

 

 

Figure 3-25 Pharmacodynamics in an animal model of myelosuppressive rats 

depicting the platelet production in response to double subcutaneous administrations prior 

to or after treatment of carboplatin treatment on Day 0. *: Data processing fit with T test 

model by comparing I40NY and Vehicle, p<0.05.  

 

0

500

1000

1500

2000

2500

-5 0 5 10 15 20

P
LT

 c
o

u
n

ts
 1

0
^9

/L

Day

Peripheral blood platelet counts

Vehicle

Day -3 & 1

Day 1 & 4

Severe
thrombocytopenia *        

 * (Tentative threshold) 

 



Modification of Recombinant Human Interleukin-11 to Enhance Pharmacologic Properties and Therapeutic Potential 

 

129 

 

Figure 3-26 Hematocrit reduction of I40NY in an animal model of myelosuppressive 

rats after double subcutaneous administrations prior to or after treatment of carboplatin 

on Day 0.  

-25%

-20%

-15%

-10%

-5%

0%

5%

-5 0 5 10 15 20

H
e

m
at

o
cr

it
 in

cr
e

m
e

n
t 

%

Day

Hematocrit Increment

Vehicle

Day -3 & 1

Day 1 & 4



Modification of Recombinant Human Interleukin-11 to Enhance Pharmacologic Properties and Therapeutic Potential 

 

130 

3.4 CONCLUSIONS AND DISCUSSION 

Chemotherapy-induced thrombocytopenia remains an unmet-medical need because 

current treating regimen employs either platelet transfusion with risks of opportunistic 

infections and occasional shortage of platelet supply, or administrations of recombinant 

human IL-11 that requires repeated dosing resulting in marginal clinical efficacy with the 

risk associated with plasma expansion. Several rhIL-11 conjugates have been created to 

tackle this problem by conjugating various PEG moieties onto N-terminal amine that 

prolong terminal half-life. Pharmacodynamics and pharmacokinetics studies of these 

conjugates in rats have supported the correlation of the enhanced efficacy with the 

extended peripheral circulating half-life. Structural moiety of PEG molecule plays a 

pivotal role in extending terminal half-life as a branched molecule resulted in longer-

lasting half-life than a linear one, for a PEG molecular mass up to 40-KD. On the contrary 

to PEGylated recombinant human growth hormone, rhIL-11 conjugated with a single 

long-PEG chain was more effective than multiple short-PEG chains. Peptide maps of 

rhIL-11 conjugates revealed that single amine PEGylation took place primarily at N-

terminal amine regardless of reactive chemistry. PEG chain inevitably blocks protein 

interaction due to steric hindrance, leading to reduced bioactivity in the cell-based 

bioassay as expected. Recombinant human IL-11 modified with a single, long branched-

PEG molecule retains the least in vitro bioactivity but such a reduction of bioactivity is a 

trade-off for in vivo efficacy. Combining pharmacokinetics and pharmacodynamics data, 

as well as the assessment of dilutional anemia in healthy rats, N-terminally PEGylated 

rhIL-11 with single Y-shaped 40-KD PEG has been selected for the lead drug for 

subsequent IND enabling studies. It carried the least in vitro bioactivity while exhibited 

the most pronounced potency in stimulating platelet production, as such a modification 

on N-terminus impacted the least of the receptor binding as comparing to other conjugates.  
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 The lead drug carries improved pharmacologic properties including extended plasma 

half-life resulting in escalated platelet production in healthy rats with alleviated dilutional 

anemia after a single subcutaneous delivery. In the bone-marrow damaged rats induced 

by carboplatin treatment, a single subcutaneous administration at 150 μg /kg of the lead 

drug not only maintained the platelet in acceptable levels but also imparted alleviated 

side-effect as manifested on dilutional anemia. This encouraging finding suggested that 

the lead drug was more superior to other conjugates 13, 80, 81 by providing longer half-life 

and less frequent dosing in rats. A once-monthly injection in clinical therapy at 15~25 

μg/kg would perhaps be allometrically scaled from the rat model.98 The single 

administration in particular, highlights the usefulness in the clinical application of acute 

radiation syndromes because in an event of radiological outbreak, massive casualty will 

very likely inundate medical facilities and supply, making daily regimen of treatment 

infeasible. 

The therapeutic effect of I40NY was not universal in all sorts of chemotherapy-

treatments, as little effectiveness was observed in docetaxel- and cyclophosphamide-

treated rats, both cytotoxins popular anti-mitotic agents treating various tumors as a single 

agent or in combination with other chemotherapeutic drugs. Figure 3-27 exhibited a 

platelet level in response to docetaxel-treatment (20 mg/kg IV infusion) in rats. One 

reference group, comprising three male Sprague Dawley rats, was subcutaneously 

administered rhIL-11 for continuous 7 days at 0.15 mg/kg; while another one group 

subcutaneously received I40NY on day 1 and 8 at the same dosage. A nadir of platelet 

was observed on Day 2 of post-docetaxel treatment at about 35% depletion. Platelet 

profiles were scarcely distinguishable between all treating groups, suggesting little 

efficacy of rhIL-1 treatment in this animal model. Similarly a platelet level after 

intravenous cyclophosphamide treatment in rats was revealed in Figure 3-28. A much 
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severe depletion of platelet occurred on Day 6 after IP administration of the cytotoxic 

agent at 100 mg/kg on Day 0. Treatment of I40NY with single or double dosage suggested 

little therapeutic effect, as both the platelet levels were similar to the vehicle control (data 

not shown). Docetaxel might not be a good inducer of thrombocytopenia as the syndrome 

was not severe in the animal study. Cyclophosphamide, on the other hand, promptly 

deprived rats of more than 50% peripheral platelets on Day 6 of post-cytotoxin treatment. 

Such a drastic onset of thrombocytopenia triggered a vigorous production of platelet 

reaching an apex on Day 10, perhaps due to upregulating the most potent thrombopoietic 

growth factor-thrombopoietin (TPO).99 The effectiveness of PEGylated rhIL-11 was 

therefore offset. Clinically in combination with methotrexate and 5-Fluorouracil, 

cyclophosphamide may increase chances of thromboembolic complications which may 

lead to morbidity in some patients.100 Such an adverse event shall be closely overseen in 

future clinical trials. Moreover, a survey of clinical occurrence of thrombocytopenia in 

patients receiving chemotherapy indicated receiving carboplatin as a single agent the 

highest frequency at 81.8%; while receiving carboplatin, gemcitabine or paclitaxel as 

combination therapies at 58.2%, 64.4% and 59.3% respectively.101 Yet the occurrence of 

thrombocytopenia receiving docetaxel or cyclophosphamide was only about 6.7% and 

13.0% respectively. Such an information is very useful in defining recruiting criteria for 

study subject in future clinical trials. 

The lead drug, was next subjected to extensive evaluation in toxicology, as well as 

pharmacokinetics and pharmacodynamics using more animals and more rigid 

methodology. Additionally, physicochemical properties of the drug product are required 

to be characterized qualitatively and quantitatively that will be elaborated in the following 

chapters. 

 



Modification of Recombinant Human Interleukin-11 to Enhance Pharmacologic Properties and Therapeutic Potential 

 

133 

 

Figure 3-27 Effects of modified and unmodified IL-11s in an animal model of 

myelosuppressive rats induced by docetaxel treatment on Day 0. Unmodified rhIL-11 was 

administered at 0.15 mg/kg for continues 7 days while I40NY was injected on Day 1 and 

8 at the same dosage. Platelet counts were expressed by mean platelet number ± standard 

deviation. 

 

 

Figure 3-28 Effects of modified rhIL-11 at two different dosages in an animal model 

of myelosuppressive rats induced by cyclophosphamide treatment on Day 0. I40NY was 

subcutaneously injected on Day 1. Platelet counts were expressed by mean platelet 

number ± standard deviation. 
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4 Chapter 4  Large Scale Production 

of the PEGylated Interleukin-11 

 

ABSTRACT 

After process optimization, the investigational new agent of PEGylated rhIL-11 was 

produced with the one-step conjugation and one-step purification process at a batch-size 

of 1.5-g rhIL-11, resulting in an expected overall recovery about 25% in a GMP-

compliant facility. The process conquered conventional hurdles of producing PEGylated 

proteins, such as use of excessive costly PEG reagents, and colossal or multiple 

chromatographic columns to achieve a satisfactory separation. The product, given a code 

name I40NY, is a covalently conjugated recombinant human interleukin-11 with a single 

branched polyethylene glycol polymer of approximate molecular weight of 40 KD via a 

stable amine bond. The starting material of bulk rhIL-11, a medicinal product approved 

by Chinese FDA was acquired from Hangzhou Jiuyuan Gene Engineering Company. The 

manufacture of conjugation and formulation was undertaken with documentation and 

adequate controls in a GMP-compliant facility, yielding three lots of drug product, in 

which the first lot was for trial run of technology transfer; the rest of two lots were 

intended for stability program and animal studies of pharmacology and toxicology. 

Quality assessment of the three lots indicated a purity greater than 95%, carrying a 

residual bioactivity of about 12~14%. Consistent in identity, strength, purity and sterility, 

the production process was suggested robust and scalable, that may be readily scaled up 

to a commercial batch size effortlessly.  
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4.1 INTRODUCTION 

The drug development progresses in three major phases: discovery, preclinical 

development and clinical trial. Once the lead candidate is identified, information about 

its pharmacology and toxicology in animals are required so that they may be extrapolated 

to dose effect in terms of clinical efficacy and safety. To supply study materials for 

preclinical animal studies and provide information of material stability, the lead drug is 

to be produced in large scale under well-controlled conditions as a representative 

preparation, in order to enable the study of pharmacology and toxicology of the product, 

product-related impurities and any trace contaminants. Generally, the lots used for 

toxicology and safety assessment are less pure than the clinical batches. In addition, the 

biological and physicochemical characteristics of the product are required to be defined 

in order to draw a correlation with efficacy and toxicity. The manufacturing process is 

therefore critical in safeguarding the quality and safety of biotechnology products. This 

is even more crucial for investigational new drugs to be administered into the very first 

human subjects. Manufacturing process is expected to yield consistent product with 

adequate controls, to ensure least unacceptable impact on the identity, quality, purity, 

potency, and safety of the drug product. This is often managed by adherence to well-

defined procedures, adequately calibrated equipment and manufacturing condition, as 

well as accurate and consistent recording of data from both manufacturing and analytical 

testing.102 However early-phase of development such as preclinical stage enjoys the 

greatest freedom for setting specification and controls, as acceptance criteria are based on 

a limited number of development batches, while the product characteristics remain not 

fully explored.  

Two technical challenges are present in the large scale production of PEGylated 

protein: lacking satisfactory resolution of the chromatographic medium, and its low 
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binding capacity. Purification process as a result inevitably is carried out with multiple 

column steps and colossal purification columns, leading to a low recovery. In the present 

study, a large scale preparation was attempted by one-step chromatography employing 

MacroCap SP, a cation exchanger designed for purifying PEG-modified proteins at a high 

sample load. The process was optimized for a batch size of 0.4 g protein in research 

laboratory, followed by a direct scale up to 1.5 g batch size in a GMP-compliant facility. 

The drug product was assembled by formulating the drug substance (the PEGylated 

rhIL-11) in the formulation solution consisted of 10 mM sodium phosphate pH 7 buffer 

and 0.3 M glycine. The formulation composition is adhered to Neumega®  without further 

optimization, except it is in liquid form. Chemical instability of rhIL-11 in solution was 

reported as a result of hydrolysis between Asp-133 and Pro-134, deamidation of Asn-49 

to Asp-49, and in addition, oxidation of Met-58, suggesting the product preferably being 

stored as lyophilized form.103 PEGylated rhIL-11 possibly exerts a distinct chemical 

stability from unconjugated IL-11 and is required to be explored further. It is preferred to 

use liquid formulation if chemical stability allows. 

The drug substance was produced by chemical conjugating a polyethylene glycol 

chain of Y-shape with a molecular weight of 40-KD, onto predominant N-terminal amino 

group of the recombinant human interleukin-11.The laboratory scale which used 0.4-g 

rhIL-11 was scaled up to 1.5-g feed of rhIL-11 without further optimization in a GMP-

compliant facility in China. The process of producing the purified bulk consisted of the 

following five steps: 1) conjugation; 2) chromatographic purification; 3) pooling fractions; 

4) ultrafiltration; and 5) fill-and-finish. A total number of three lots were manufactured in 

which the first lot is for trial run of technology transfer; and the rest of two lots were 

intended for stability study and preclinical animal studies. Because methionine oxidation 

is prone to take place, filling lot two and lot three were conducted under nitrogen purge. 
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Each vial of the drug product contains 1.5 mg of the active pharmaceutical ingredient in 

0.75 mL of the formulation solution. 

Because the product is intended to file an IND application to Chinese FDA, the 

sources of two starting materials, rhIL-11 and PEG reagent were procured from Chinese 

manufacturers. The rhIL-11 was manufactured by Hangzhou Jiuyuan Gene Engineering 

Company using yeast expression technology according to the monograph Recombinant 

Human Interleukin-11 for injection (Yeast) of China Pharmacopeia; and the aldehyde-

functionalized PEG was acquired from Jenkem Technology Co., Ltd in Beijing, China. 
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4.2 MATERIALS AND METHODS 

 

4.2.1 Materials and reagents 

The purified bulk of rhIL-11 (Lot # 20150402) was acquired from Hangzhou Jiuyuan 

Gene Engineering Company. The material of aldehyde-functionalized PEG was 

purchased from Jenkem Technology Co., Ltd (Catalog No. Y-PALD-40K, Lot No. 

PEGC262-N150801, as seen in Figure 4-1). The Precise Tris-Glycine 8-16% 

polyacrylamide gels (#25268) were purchased from Thermo Fisher scientific. DC Protein 

Assay was supplied by Bio-Rad Laboratories (Cat. No. 500-0116). The ultrafiltration 

system, coupled with the cassette- Pellicon 2 Mini Ultrafiltration Module Biomax-8 A 0.1 

m2 (Cat. No. P2B008A01), was acquired from Merck Millipore Corporation. The 

purification resin-MacroCap SP (Product code 17-5440-01) and the XK column in 

50x100 (mm) dimension (Product code: 28-9889-65) were supplied by GE Healthcare 

Life Sciences. The water used herein is the grade of “Water for Injection” with extra high 

quality, which is produced in the biopharmacuetical plant meeting the quality specified in 

China Pharmacopoeia of the latest version. 2-R transparent glass vials for filling were 

obtained from Schott AG; butyl stoppers were acquired from Jiangsu Hualan New 

Pharmaceutical Material Co. Ltd., and alluminum removable crimp seals were acquired 

from Jiangmen Industrial Packing Material Co. Ltd. 

7TD1 murine myeloma cell formed by fusion with C57Bl/6 spleen cell, was acquired 

from DSMZ (No. ACC 23). Mouse IL-11 receptor alpha was supplied by MyBioSource, 

Inc. (Cat. No. MBS553276). CellTiter 96®  Aqueous Non-Radioactive Cell Proliferation 

Assay (MTS) (Cat. No. G5430) for IL-11 bioassay was purchased from Promega. RPMI 

1640 (#SH30255.01), HI FBS (#SH30071.03HI), Penicillin-Streptomycin solution (# 

SV30010) were purchased from HYCLONE, USA. 

 



Modification of Recombinant Human Interleukin-11 to Enhance Pharmacologic Properties and Therapeutic Potential 

 

139 

n

n

H3CO CH2CH2O CH2 CH2

H3CO CH2CH2O CH2 C

O

N CH2 C

O

NH C2H4 CH

O

 

Figure 4-1 Chemical structure of the monofunctional PEG reagent for large scale 

manufacturing of the PEGylated rhIL-11. 

 

4.2.2 Column packing for preparative scale 

The purification resin- MacroCap SP was used to pack the XK 50/100 column in 

5x10 cm dimension. The column was washed with 1 M NaCl over 10 column volume and 

sanitized with 0.5 M NaOH over 5 column volume at 50 ml/min. After washing with 

water over 10 column volume, the column was equilibrated with 20 mM sodium acetate 

pH 5.0 buffer prior to use. 

 

4.2.3 Chemical conjugation 

6.3 g of the PEG reagent was added in 45 mL water with gentle stirring until 

complete dissolution, followed by adding 1.5 g of rhIL-11. After adding 15 mL of 1M 

NaH2PO4 solution, the pH was adjusted to 4.5~5.0 if necessary. 6 mL of 0.5 M sodium 

cyanoborohydride was introduced in the last step. Appropriate volume of water was 

introduced to achieve rhIL-11 at 5 mg/mL and sodium cyanoborohydride at 10 mM. The 

conjugation reaction was taken place in room temperature for 24 hours and was quenched 

by adding 2 mM glycine. 

 

4.2.4 Chromatographic purification 

The resulting reaction solution was diluted with 4 additional volume of water. Prior 

to loading onto the chromatographic column, it was filtered through a 0.2 μm membrane 

to remove any particulate matters. The column was loaded with the solution at 50 ml/min 
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and washed with 20 mM sodium acetate pH 5 buffer over 5 column volume, using a single 

channel peristaltic pump. The column was further washed with 20 mM sodium acetate 

pH 5 buffer containing 100 mM NaCl over 10 column volume at 50 ml/min. PEGylated 

rhIL-11 was then eluted from the column with 20 mM sodium acetate pH 5 buffer 

containing 300 mM NaCl at 25 ml/min. The washing and elution process were monitored 

by UV absorbance detected at 280 nm. Each fraction of 50 mL eluent was collected 

manually. After use, the process column was washed with 20 mM sodium acetate pH 5 

buffer containing 1M NaCl and cleaned with 0.5 M NaOH solution over 10 column 

volume at 50 ml/min. The column was stored in 20% ethanol after cleaning. 

 

4.2.5 Buffer change and ultrafiltration 

The buffer change and protein enrichment were conducted with a single channel 

peristaltic pump coupled with the ultrafiltration cassette of 8-KD cut-off. The process was 

carried out until the product achieved concentrations higher than 2 mg/mL and the 

conductivity and pH of eluent agreed with that of the formulation solution, which was 

consisted of 23 mg/mL glycine, 1.6 mg/mL dibasic sodium phosphate heptahydrate, and 

0.55 mg/mL monobasic sodium phosphate monohydrate. The concentration of the 

product was adjusted to 2 mg/mL by adding the formulation solution. The resulting 

solution was sterilely filtered through a 0.2 μm filter prior to fill-and-finish. 

 

4.2.6 Sterile fill-and-finish 

Rubber septa, and aluminum caps were autoclaved prior to use. Each vial was 

manually filled with 0.75 mL of the PEGylated rhIL-11 solution under nitrogen gas in a 

glove box isolator (EU GMP clean room Grade C). Finished drug products were stored 

in 2~8°C. 
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4.2.7 Protein content by UV absorbance 

The protein content was determined with the UV absorbance at 280 nm elaborated in 

section 2.2.4. 

 

4.2.8 Protein content by Lowry assay 

The Lowry assay was performed with the Bio-Rad DC protein assay, using 

procedures provided in the Instruction Manual from the vendor. In principle, protein 

content is determined based on the reaction of protein with an alkaline copper tartrate 

solution and Folin reagent, against BSA content as the reference standard. 

 

4.2.9 Sodium Dodecyl Sulfate-Polyacrylamide gel electrophoresis 

The molecular weight of various IL-11s were evaluated by the Sodium Dodecyl 

Sulfate-Polyacrylamide gel electrophoresis with Biorad’s Mini-PROTEAN system 

coupled with 8-16% pre-cast gels. After electrophoresis, the resulting polyacrylamide 

gels were visulized after Coomassie Brilliant blue R250 or silver staining. PEG molecules 

were stained by barium iodine. Non-reduced sample preparation was described as 

followed. 

Test Solution A: Dilute the preparation to be examined with the 2X sample loading dye 

(65.8 mM Tris-HCl pH 6.8, 2.1% SDS, 26.3% glycerol, 0.01% bromophenol blue) to 

obtain a protein concentration of 100 μg/mL. 

Test Solution B: Add 40 µl of the 2X sample loading dye to 40 µl of test solution A that 

results in a protein concentration of 50 μg/mL. 

Test Solution C: Add 64 µl of the 2X sample loading dye to 16 µl of test solution B that 

results in a protein concentration of 10 μg/mL. 

Test Solution D: Add 64 µl of the 2X sample loading dye to 16 µl of test solution C that 
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results in a protein concentration of 2 μg/mL. 

Test Solution E: Add 40 µl of the 2X sample loading dye to 40 µl of test solution C that 

results in a protein concentration of 1 μg/mL. 

Each lane was loaded with the test sample at 20 μl, along with a protein marker on the 

gel.  

 

4.2.10 Purity determined by reverse-phase chromatography 

The content of each PEGamer was analyzed by reverse-phase (RP) chromatography 

employing the UPLC coupled with diode-array detector- UltiMate 3000 Rapid Separation 

LC Systems from Thermo Fisher Scientific. The chromatographic procedure was carried 

out using procedures as described in section 3.2.9. 

 

4.2.11 Isoelectric focusing (IEF) electrophoresis 

The isoelectric focusing was carried out with PhaseGel IEG 3-9 precast gels at 15 

⁰C. After loading samples on the gel, standard isoelectric focusing parameters were set 

at: 1) 2,000 V for 75 Vh; 2) 200 V for 15 Vh; and 3) 2,000 V for 410 Vh. The results were 

visualized by Coomassie blue staining. 

 

4.2.12 Appearance 

The color and clarity of solution was determined by visual observation. 

 

4.2.13 Potentiometric determination of pH and measurement of osmolality 

The potentiometric determination of pH is made by a pH meter, in accordance with 

China Pharmacopoeia 2015 monograph < 0631>. The osmolality of a solution is 

determined by an osmometer in compliance with China Pharmacopoeia 2015 monograph 

< 0632>. 
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4.2.14 Assay for endotoxin 

The bacterial endotoxin was quantified by the standard procedures stated in the 

monograph of Bacterial endotoxin in China Pharmacopeia 2015 monograph <1143>. In 

principle, the Atlantic horseshoe crab (Limulus polyphemus) has an enzymatic blood 

coagulation system that is specific and highly sensitive to endotoxin. LAL Kinetic 

turbidimetric assay was used to detect bacteria endotoxin. The assay was a kinetic 

turbidimetric method to measure increase in turbidity of interaction of Limulus 

amebocyte lysate (LAL) and bacterial endotoxin. The reaction was carried at 37°C. The 

lowest limit of quantitation is 0.001 EU/mL. 

 

4.2.15 Assay for sterility 

The test for sterility is carried out under aseptic conditions based on China 

Pharmacopeia 2015 monograph <1101>. No growth of microorganism indicates a state 

of sterility. 

 

4.2.16 Cell-based bioassay 

The biological activities of rhIL-11 and conjugated rhIL-11 were calculated in a cell 

proliferation assay, using 7TD1 cell-line. The procedures were described in section 2.2.9. 
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4.3 RESULTS 

 

4.3.1 Process development and optimization 

Chemical modification of proteins with PEG is an established technology and has 

been applied to biopharmaceutical industry to enhance the solubility and physicochemical 

stability of proteins. While this chemical reaction is easy to carry out, it often causes a 

complex mixtures of different PEGylated forms, containing PEGamer and positional 

isomers. To develop a commercially viable process to reduce cost and increase yield, 

many factors such as protein concentration, quality of PEG, protein/PEG ratio, reaction 

temperature, buffer pH, and purification process, need optimization. 

I40NY is the mono-PEGylated rhIL-11 produced with site-specific reaction under 

acidic conditions because functionalized aldehyde is largely selective for the N-terminal 

α-amine, whose pKa is lower compared to other nucleophiles. Reaction parameters 

including PEG to protein ratio, reaction concentration, pH and kinetics were explored in 

the conjugation reaction. Reactions took place for 24 hours at room temperature (22~27°C) 

in small scale at about 0.05~0.5 mL volume size in the presence of 10 mM sodium 

cyanoborohydride. Yield of each reaction under investigation was determined by RP-

UPLC, and summarized in Figure 4-2. It demonstrated the conjugation yield at various 

pH, suggesting an optimal pH at 4.5~6.5. The concentration of reactant played an 

important factor in product yield, as results indicated that an optimal conjugation 

concentration of rhIL-11 was 5 mg/mL or above. PEG to protein ratio and conjugation 

kinetics of the reaction with 5 mg/mL protein at room temperature in the presence of 

reducing agent were displayed in Figure 4-2, showing an optimal molar ratio of 2 for PEG 

to protein, and an extension to 24 hours at room temperature sufficient for a maximal 

product yield at about 50%, which was satisfactory because of the low cost of IL-11 from 

yeast culture. 
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 The lead drug, was next subjected to extensive evaluation in toxicology, as well as 

pharmacokinetics and pharmacodynamics using more animals and more rigid 

methodology. Additionally, physicochemical properties of the drug product are required 

to be characterized qualitatively and quantitatively that will be elaborated in the following 

chapters. 

(a)                                 (b) 

 

(c)                                  (d) 

 

Figure 4-2 PEGylation process optimization for I40NY. (a) pH, (b) IL-11 

concentration, (c) PEG ratio to IL-11, and (d) reaction kinetics. Mono-PEG: mono-

PEGylated rhIL-11; Multi-PEG: multiple-PEGylated rhIL-11. 
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 With regard to downstream purification, a process employing ion-exchange 

chromatography in a large scale preparation was optimized. A satisfactory resolution to 

separate the mono-PEGylated from the oligo-PEGylated is only achievable when 

conventional ion-exchanger is charged at a low sample load, usually as little as 1 mg/mL 

resin. The low capacity often limits the application of large-scale production in industry. 

To isolate N-terminally mono-PEGylated rhIL-11 at high purity, the cation-exchanger 

with a high porous feature- the MacroCap SP from GE Healthcare Life Sciences was 

employed. It combines high capacity with retained resolution, and offers high purity and 

yield of mono-PEGylated targets at high load conditions. The purification process was 

demonstrated with a batch size of 400 mg rhIL-11, prepared in 5 mg/mL in 50 mM sodium 

phosphate pH 4.5~5 buffer containing 2 molar ratio of aldehyde-activated 40-KD Y-

shaped PEG reagent in the presence of 10 mM sodium cyanoborohydride. After 

incubating at room temperature for 24 hours, the reaction solution was quenched by 

adding 2 mM glycine followed by dilution with 4-fold volume of deionized water. After 

filtration through a 0.2 μm membrane, the resulting crude was loaded onto the column 

packed with MacroCap SP in 2.6 (diameter) x 10 (height) cm in dimension at a sample 

load of 7.5 mg/mL resin. The mono-PEGylated product can be eluted with gradient or 

step NaCl elutions. After optimization, step elution was selected to recover product by 

eluting the product with 20 mM sodium acetate pH 5 buffer containing 0.3 M NaCl as 

seen in Figure 4-3, after washing the column with 20 mM sodium acetate pH 5 buffer 

over 10 column volume, followed by additional washing with 20 mM sodium acetate pH 

5 buffer containing 0.1 M NaCl over 20 column volume in advance. Fractions containing 

mono-PEGylated rhIL-11 were combined in a pool after analysis on a non-reducing SDS-

PAGE. The step yield of isolation was about 50%, leading to an overall yield at 26.6%. 

The purity and apparent molecular weight was examined by the SDS-PAGE after silver 
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staining as indicated in Figure 4-4, which demonstrated that the product was of high purity. 

Thus the downstream process of 0.4-g rhIL-11 feed scale was successfully developed and 

was transferred to a biopharmaceutical GMP plant, readily for scaling up to 1.5-g rhIL-

11 feed size without further optimization. 

 

 

Figure 4-3 Isolation of I40NY with liquid chromatography using MacroCap SP 

column, a cation-exchanger. Red trace is the in-line conductivity; pink trace is pH readout 

and blue trace is UV absorbance at 280 nm. The shadow region represents fractions for 

pooling. 

 

Figure 4-4 The purity and apparent molecular weight of I40NY as resolved on a 8-

16% non-reducing SDS-PAGE and visualized with silver staining. Each lane was loaded 

Column: MacroCap SP 2.6x10 cm 

Sample: PEGylated rhIL-11- I40NY crude 0.4 g 

Buffer A: 20 mM sodium acetate pH 5 

Buffer B: Buffer A with 1 M NaCl 

Flow rate: 10 ml/min 
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as indicated. 

4.3.2 GMP Manufacturing 

The manufacturing of drug product was carried out in an enclosed environment of 

the biopharmaceutical plant- the Shenzhen Kexing Biotech Co., Limited in Shenzhen, 

China (Chinese FDA GMP certificate No. G3606). After arrival of the purified bulk of 

rhIL-11 and the PEG reagent, the drug substance was produced by the process consisting 

of one-step conjugation and a one-step purification as followed.  

 

4.3.2.1 Sources of key materials 

The purified bulk rhIL-11 was acquired from Hangzhou Jiuyuan Gene Engineering 

Company. Approved by Chinese FDA, the purified bulk was produced under relevant 

regulatory guidance including cell banking, manufacture controls, and full 

characterizations. In brief, the starting material was isolated from medium of yeast 

fermentation, employing the following steps: 1) High-density fermentation of yeast; 2) 

Harvest of fermentation medium; 3) Ultrafiltration of the medium; 4) Chromatographic 

purification of rhIL-11; 5) Ultrafiltration to change buffer and concentrate protein.83 The 

total purity of rhIL-11 was 99.0%, in which oxidized rhIL-11 was 1.5% (Figure 4-5). The 

starting material carried a bioactivity at 8.0 x106 U/mg, containing residual bacterial 

endotoxin, host DNA and host protein within acceptable criteria that is qualified for 

human use. The other key starting material, aldehyde-functionalized PEG, was made by 

chemical synthesis and was supplied by Jenkem Technology Co., Ltd. The quality 

analysis of the material indicated that the residual solvent was less than 20 ppm, and the 

polydispersity of the reagent was 1.04, suitable for pharmaceutical use if a PEG chain 

larger than 20-KD. The product was a result of a chemical reaction without using any 

materials of animal components, human plasma or living microbes.  
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Figure 4-5 Purity and related proteins of rhIL-11, as determined by RP-UPLC. 

 

4.3.2.2 Description of manufacturing in large-scale 

At the research level, the process was developed and optimized at a feed size of 0.4-

g rhIL-11. This process was transferred to the manufacturing facility, where it was 

deemed to be scaled up to 1.5-g rhIL-11. At a large-scale level, the manufacturing process 

of the drug product is illustrated in the flow chart as seen in Table 4-1. In brief, rhIL-11 

was prepared at 5 mg/mL in 50 mM sodium phosphate pH 4.5~5 buffer containing 2 

molar ratio of aldehyde-activated 40-KD Y-shaped PEG reagent in the presence of 10 

mM sodium cyanoborohydride. The reaction solution was quenched by adding 2 mM 

glycine followed by dilution with 4X volume of water after incubation at room 

temperature for 24 hours. After filtration through a 0.2 μm membrane, the resulting crude 

was loaded onto the column filled up with MacroCap SP at a loading capacity of about 

7.5 mg/mL resin. Then, the column was washed with 20 mM sodium acetate pH 5 buffer, 

followed by additional wash with 20 mM sodium acetate pH 5 buffer containing 0.1 M 

NaCl. PEGylated rhIL-11 was eluted with 20 mM sodium acetate pH 5 buffer containing 

0.3 M NaCl. After chromatographic fractionation, fractions containing the mono-

PEGylated rhIL-11 as revealed by SDS-PAGE analysis were pooled, yielding the drug 

substance. The drug substance was immediately subject to formulation, concentration and 

vial filling to yield drug product. Two or three chromatographic preparations of the 
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(Continued on the next page) 

isolated PEGylated rhIL-11 were combined as a lot for aseptic filling in a glove box. A 

total number of three successive lots were manufactured in which lot one (#20151001) 

was the trial run; lot two (#20151102) and lot three (#20151203) were primarily for 

stability studies and preclinical investigations. Fill-and-finish was conducted in a glove 

box under nitrogen purge, except the trial-run lot (#20151001). 

 

Table 4-1  Manufacturing process for PEGylated rhIL-11- a typical lot. 

Day  
Process steps 

Key Parameters and Operating 

Range 
Results 

Day 1 PEG conjugation 

1. The reaction takes place by 

mixing 1.5 g rhIL-11, 6.3 g 

PEG reagent and 10 mM 

sodium cyanoborohydride . 

2. rhIL-11 5 mg/mL; 2 molar 

ratio PEG; 10 mM sodium 

cyanoborohydride. 

3. pH4.5-5.0 

4. Room temperature/22-30 hr. 

After incubation at room 

temperature for 24 hours, 

reaction product shall be 

monitored in a SDS-PAGE 

analysis. 

Day 2 

Reaction quench 

1. Add 2 mM glycine 

2. Add 4-fold volume of water 

3. Filtration 

N.A. 

Chromatographic 

fractionation 

1. Charge the resulting solution 

onto MacroCap SP column at 

≤ 50 mL/min. 

2. Wash column with 20 mM 

sodium acetate buffer pH 5.0 

at ≤ 50 mL/min over 5 

column volume. 

3. Wash column with 20 mM 

sodium acetate buffer pH 

5.0/0.1 M NaCl at ≤ 50 

mL/min over 10 column 

volume. 

Fractions of eluent 

collected 
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(Continued from the previous page) 

Day  
Process steps 

Key Parameters and Operating 

Range 
Results 

4. Elute with 20 mM sodium 

acetate buffer pH 5.0/0.3 M 

NaCl at ≤ 25 mL/min 

5. Collect about 49 mL of 

eluent per fraction. 

6. Wash the column with 20 

mM sodium acetate buffer 

pH 5.0/1.0 M NaCl at ≤ 50 

mL/min 

Day 3 Drug substance 

Reaction crude and collected 

fractions are analyzed by non-

reducing SDS-PAGE. The 

combined pool is drug substance. 

SDS-PAGE analysis 

Day 4-6 
Continue another 

preparation 
Same as Day 1-3 Same as Day 1-3 

Day 7 

Pooling fractions 

Fractions containing mono-

PEGylated rhIL-11 are combined 

as a pool 

N.A. 

Ultrafiltration 

1. Buffer change to 10 mM 

sodium phosphate pH 7.0 

containing 0.3 M L-glycine 

2. Input pressure about 1.0 bar 

3. Protein concentration 

adjusted to 2 mg/mL 

Purified bulk 

Day 8 Drug product 
Aseptic filling 0.75 mL into each 

vial under nitrogen gas 
Vials of drug product 

 

After successive 6 preparations, a typical overall yield was about 25% (Table 4-2), 

except preparation No. 2 and No. 3 of lot #20101102 whose overall yield was 

unexpectedly low at 15.8% because of low PEGylation yield. A follow-on investigation 

had found the cause of this low yield was due to the low reducing power of sodium 
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cyanoborohydride. The yield of subsequent lot #20151203 was restored after employing 

a new source of sodium cyanoborohydride. 

 

Table 4-2  Product yields of six consecutive preparations. 

Lot  No. 20151001 20151102 20151203 

PEGylation preparation No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 

PEGylation yield 44.0% 22.8% 24.6% 49.2% 47.6% 49.0% 

No. of vials yielded 212 316 763 

Overall yield 21.2% 15.8% 25.4% 

 

4.3.2.3 Container and closure system 

Once two or three preparations of the purified bulk of PEGylated rhIL-11 was 

obtained, the drug substance was formulated in 10 mM sodium phosphate pH 7.0 buffer 

containing 0.3 M L-glycine to achieve a protein concentration at 2 mg/mL. The containers 

to be filled with drug product were acquired from Schott AG, whose diagram of 2R-type 

vial for injection is illustrated in Figure 4.6. Each sterile borosilicate glass vial was filled 

up with 0.75 mL drug product manually in an enclosed glove box under nitrogen gas, 

followed by inserting a butyl rubber stopper into the neck of vial and sealing with an 

aluminum crimp-cap with a polypropylene flip-off disk. 
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d1 (mm) 15.75±0.20 

d2 (mm) 13.00±0.20 
h1 (mm) 35.00±0.50 

d3 (mm) 7.00±0.20 

h2 (mm) ≥23.0 

Overflow capacity (ml) 3.75±0.25 

 

Figure 4-6 Diagrams illustrating the borosilicate vials for fill-and-finish. 

 

 

4.3.3 Controls 

4.3.3.1 Adventitious agent control 

The manufacturing was performed in an enclosed environment of the 

biopharmaceutical plant in Shenzhen Kexing Biotech Co. Ltd., China. The EU GMP class 

D clean room was sterilized with vaporized formaldehyde gas prior to manufacturing and 

was maintained under UV exposure when not in operation. Disposable plastic test tubes 

and pipettes are non-pyrogenic and sterile. Buffer solutions, beakers, graduated cylinders, 

pipette tips were autoclaved prior to use. Analytical instruments such as balance and UV 

spectrophotometer are regularly calibrated as required. Personnel was equipped with 

adequate aseptic gowning before entry into the clean room, including hair net, shoe covers, 



Modification of Recombinant Human Interleukin-11 to Enhance Pharmacologic Properties and Therapeutic Potential 

 

154 

sanitized gloves, mask, goggles and bunny suit. Operators were decontaminated by air 

shower and ethanol hand-wash before entry into the clean room. The production of final 

product was conducted in a sealed glove box pressurized with nitrogen gas (EU GMP 

clean room grade C). All these measures were put in place to ensure aseptic drug product, 

free of contamination of virus, bacteria, mycoplasma and fungi, as well as human 

contamination. The manufacturing process thus consisted of a chemical conjugation and 

a chromatographic purification step without using any materials of animal components 

and human plasma. The inert container closure was made of a sterile borosilicate vial with 

a sterile butyl stopper. After sealing with an aluminum crimp, the final drug product was 

removed from the glove box for a follow-up quality check and storage in cold. 

 

4.3.3.2 In-process control 

The important process parameters and resulting quality attributes are outlined in 

Table 4-3. One critical parameter- fractions for pooling is identified. Because chemical 

conjugation often results in a pool of PEGamers as well as unconjugated protein, one 

critical step is to determine fractions to be combined after chromatographic separation. 

The in-process control was therefore carried out with SDS-PAGE examining the 

composition of each fraction after chromatographic separation. Fractions containing 

mono-PEGylated product are combined as a pool for subsequent buffer change, protein 

concentration and filling. A representative chromatographic profile and typical SDS-

PAGE analysis of collected fractions are provided using lot #20151203 as an example, 

and are illustrated in Figure 4-7 and Figure 4-8 respectively. In this example, fraction 

number 1 to 7 were combined in a pool.  
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Table 4-3 Critical and key process parameters identified for the manufacturing process. 

Process Critical process 

parameter 

Key process 

parameter 

Key process 

attribute 

Conjugation 

 

 

Chromatographic 

purification 

 

Pooling fractions 

 

 

 

 

Ultrafiltration 

 

 

Fill-and-finish. 

 

 

 

 

 

 

Fractions 

containing the most 

mono-PEGylated 

product 

 

 

 

 

 

PEG molar ratio 

Protein concentration 

 

Loading capacity 

Flow rate 

 

 

 

 

 

 

Formulation 

constituent 

 

Aseptic operation 

Product yield 

 

 

Product yield 

 

 

Product yield; 

Product 

homogeneity 

 

 

Long-term 

stability 

 

Sterility 

 

 

 

Figure 4-7 Fractionation of PEGylated rhIL-11 on MacroCap SP cation exchanger. 

The trace shows in-line UV absorbance at 280 nm in response to 0.1M, 0.3M and 1.0M 

NaCl salt elution. 
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Figure 4-8 Non-reducing 8-16% SDS-PAGE analysis of each collected fraction.  

C represents the crude after conjugation reaction; F stands for flow-through; M is the 

protein marker expressed in KD unit; W1and W2 are two fractions of 0.1 M NaCl eluent; 

W3 indicates the fraction of 1.0 M NaCl eluent; and the numerical numbers are fraction 

numbers of the 0.3 M NaCl eluent.  

 

4.3.3.3 Partial validation of analytical methods for quantitation 

Consistent and reliable analytical measurement help to define quality characteristics 

of pharmaceutical ingredients. This is established by validating analytical methods to 

demonstrate a suitability for their intended purposes and scopes. Validated analytical 

methods are employed to serve for not only final product characterization but also 

stability indicating methods. In the present study, analytical methods for product 

quantitation have been partially evaluated on selected parameters including specificity, 

linearity, limit of quantitation (LOQ), limit of detection (LOD), accuracy and precision. 

Specificity is referred to the ability to detect distinct analyte(s) that may be present in the 

sample matrix, such as impurities and degradants. Linearity is a study of response to 

proportional amount of analyte within a given range. LOQ is referred to the lowest 

amount of analyte to be determined with acceptable precision and accuracy. This is often 

    C  F  W1 W2    1   2   3  4  5                M  6  7  8   9  10  11 12 13  W3 
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determined by signal-to-noise ratio as the ratio of 10 is generally anticipated. On the other 

hand, LOD is determined by signal-to-noise ratio of 3. Accuracy is expressed as the 

closeness of the calculated value and the anticipated value. Precision is the degree of 

scattering among multiple measurements of a homogeneous sample. 

 

Analytical method: Protein content by UV absorbance at 280 nm 

Linearity of response 

The linearity of the method is to study absorbance in response to proportional analyte 

within a given range. In-house reference standard PEGylated of rhIL-11 (Lot #I40NY-

DY01-84) was diluted to 1.64~0.04 mg/mL with 10 mM sodium phosphate pH 7.0 buffer 

in triplicate. Each sample was measured at absorbance 280 nm three times as readouts at 

280 nm were tabulated in Table 4-4. Six points calibration curve was plotted in Figure 

4-9 showing a correlation between concentration and mean absorbance at 280 nm. The 

correlation coefficient was 1 as indicated in the figure, suggesting good linear response 

during the range, as the acceptable criteria for correlation coefficient- R2 value is no less 

than 0.990. 

 

Table 4-4  Protein concentration and absorbance at 280 nm for linearity study. 

Concentration(mg/ml) Replicate 1 Replicate 2 Replicate 3 

1.638 1.6082 1.6080 1.6079 1.6157 1.6144 1.6094 1.6622 1.6629 1.6604 

0.825 0.8184 0.8191 0.8182 0.8043 0.8059 0.8046 0.8367 0.8370 0.8353 

0.412 0.4036 0.4024 0.4018 0.4285 0.4270 0.4265 0.4022 0.3960 0.3935 

0.204 0.1988 0.1989 0.1978 0.2065 0.2050 0.2037 0.2077 0.2030 0.2028 

0.100 0.1073 0.0974 0.0960 0.0969 0.0982 0.0987 0.1017 0.1014 0.1009 

0.041 0.0384 0.0387 0.0389 0.0393 0.0406 0.0407 0.0456 0.0437 0.0415 
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Figure 4-9 Linear curve for PEGylated rhIL-11 in an assay of protein content. 

 

Precision 

The precision was ascertained by five known concentrations from 1 to 0.1 mg/mL in 

triplicate. Each sample was measured at absorbance 280 nm and readouts were tabulated 

in Table 4-5. The method was found to be precise as the %RSD value for the repeatability 

was less than 5% of the acceptable criteria. 

 

Table 4-5  Raw data of absorbance at 280 nm of PEGylated rhIL-11 at 5 

concentrations for precision study. 

Conc.(mg/ml) SD Mean A280 RSD (%) 

1.000 0.029691 1.627678 1.8 

0.825 0.0157 0.8199 1.9 

0.412 0.0161 0.4091 3.9 

0.204 0.0036 0.2027 1.8 

0.100 0.0017 0.0998 1.7 

Acceptable criteria RSD (%) ≤5.0 
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 The maximal absorbance of deionized water at 280 nm was recorded at 0.007. The 

UV absorbance of LOQ was therefore 0.07 (10 x 0.007), which equaled to about 0.07 

mg/mL by fitting the regression curve in Figure 4-9.  

 Thus the method has been partially validated yielding results meeting acceptable 

criteria. It is concluded that the analytical method is precise and suitable for detection 

range of 0.07~1.60 mg/mL. The present analytical method is regarded as suitable for its 

intended purpose. 

 

Analytical method: Purity and protein content by reverse-phase UPLC 

The content of product, product-related and process-related impurities derived from 

a purification process were assayed to determine yield, by efficiently separating them 

onto a reverse-phase chromatography using the UPLC system. In this method, the content 

of product, which is primarily composed of the mono-PEGylated rhIL-11 is determined, 

together with unconjugated and multiple-PEGylated rhIL-11. Size-exclusion 

chromatography, although capable of separating PEGamers in a gel-filtration column 

using an aqueous mobile phase, is not achievable because of self-aggregation of PEG 

moiety in the sample matrix, leading to inaccurate quantitation. On the contrary, 

acetonitrile used in reverse-phase chromatography disrupts the interaction. The method 

was validated in terms of specificity, linearity, precision and LOQ/LOD. 

 

Specificity 

 Product-related impurities including unconjugated rhIL-11, multiple-PEGylated 

rhIL-11 and oxidized PEGylated rhIL-11 were prepared accordingly. The unconjugated 

and the mono-PEGylated rhIL-11 were distinct at retention time according to the RP-

UPLC analysis (Figure 4-10). Multiple-PEGylated species were obtained by collecting 

latter fractions at the NaCl elution step during purification using cation-exchanger. Their 
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identities were further confirmed by SDS-PAGE analysis, capable of resolving in high 

molecular-mass region. The RP-UPLC chromatogram was displayed in Figure 4-11, 

indicating that both species were well resolved in the method. 

 

Figure 4-10 RP-UPLC chromatogram of the unconjugated rhIL-11 displaying a 

distinct retention time from the mono-PEGylated rhIL-11. 

 

 

Figure 4-11 RP-UPLC chromatogram showing the multiple-conjugated rhIL-11 at a 

distinct retention time different from that of the mono-PEGylated rhIL-11. 

 

Oxidative species was prepared by mixing the PEGylated rhIL-11 with 0.06% 

hydrogen peroxide for 3 hours at room temperature. The resulting product was separated 

on the RP-UPLC column, revealing a rising shoulder peak beside the predominant peak 

(Figure 4-12). The shoulder peak was oxidative species, as suggested by MS (data not 

shown). 
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Figure 4-12 The oxidized PEGylated rhIL-11 emerged as a shoulder of the 

predominant peak. 

 

Linear range 

 Standard solutions of PEGylated rhIL-11 were prepared in the concentration range 

of 0.25~1.5 mg/mL. 1~10 µl as indicated in each standard solution was injected three 

times per individual solution to the column (Table 4-6), yielding a six-point calibration 

curve plotted in Figure 4-13. It showed a good correlation between quantity and 

responsive area count, resulting in a linear regression equation with correlation coefficient 

of 0.9999 as indicated. The acceptable criteria for correlation coefficient, R2 value, is no 

less than 0.995. 

 

Table 4-6  Protein quantity and area onto RU-UPLC for linearity study. 

Concentration/  

Injection Volume 

Loading/ µg Injection no. (Area count) Mean 

1 2 3 

0.25 mg/mL, 1 µL 0.25 5.21 5.32 5.24 5.25 

0.25 mg/mL, 2 µL 0.5 11.48 11.48 11.52 11.49 

0.25 mg/mL, 5 µL 1.25 29.03 28.98 28.97 28.99 

1.0 mg/mL, 5 µL 5 134.56 134.69 133.62 134.29 

1.5 mg/mL, 5 µL 7.5 205.95 206.17 205.70 205.94 

1.5 mg/mL, 10 µL 15 408.72 408.50 408.10 408.44 
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Figure 4-13 Linearity curve of the RP-UPLC assay for PEGylated rhIL-11. 

 

Limit of quantitation (LOQ) & limit of detection (LOD) 

 The LOQ and LOD were derived from the following formula.  

LOQ = 3 ×
ℎ

𝐻
× 𝑄 = 3 ×

0.0393

31.26
× 0.25 𝜇𝑔 = 9.43 × 10−4𝜇𝑔 

LOD = 10 ×
ℎ

𝐻
× 𝑄 = 10 ×

0.0393

31.26
× 0.25 𝜇𝑔 = 3.14 × 10−3𝜇𝑔, where 

h = height of noise, H= height of peak of 0.25 μg, Q = Loading quantity = 0.25 μg. 

 

Precision 

 The precision study was conducted by using two different loading quantities of 

standards. Each sample was injected six times resulting in %RSD of 0.4% and 0.1% 

(Table 4-7). The method was found to be precise as the %RSD value for the repeatability 

was less than 5% of the acceptable criteria. 

The method has been partially validated yielding results meeting acceptable criteria 

as summarized in Table 4-8. It is concluded that the analytical method is precise and 

suitable for its intended purpose. 
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Table 4-7  Raw data of area count of two references for precision study. 

 Loading/ 

µg 

Injection no. (Area counts) Mean Standard 

Deviation 

RSD% 

1 2 3 4 5 6 

1mg/mL, 5 

μL 
5 135 135 134 135 134 135 135 0.55 0.41 

1.5mg/mL, 

5 μL 
7.5 206 206 206 206 206 206 206 0.24 0.12 

 

Table 4-8  Summary of partial validation for the RP-UPLC assay. 

Parameter Acceptable Criteria Result 

Specificity N/A Well separated 

Linearity R2 ≥0.995 0.9999 

Range N/A 0.25 -15 μg 

Precision % RSD≤1% <0.5% 

Limit of Detection N/A 0.9 ng 

Limit of Quantitation N/A 3.1 ng 

 

Analytical method: Cell-based bioactivity 

The in vitro bioactivity of rhIL-11 was determined by the growth of 7TD1 in culture 

medium in response to various concentration of the cytokine. However the assay, which 

used PEGylated rhIL-11 as an analyte, was not very sensitive. As a result, a portion of 

rhIL-11 α-receptor is introduced to enhance sensitivity of the assay. The assay has been 

thus partially validated with regards to linearity, accuracy and precision. 

 

Linearity and quantitation range 

Range of linearity was conducted with concentrations of 10-fold dilution, from 

0.00001 to 10,000 ng/ml. 50 µl of sample was added in triplicate into each well of 96-

well plate, with the addition of 50 µl cell suspension of 7TD1 cells in 8×104 cell/ml 

resulting in 4,000 cells in each well. The 96-well plate was incubated under a condition 

of 37°C and a humidified atmosphere of 5% CO2 for 2 days. After incubation, the EC50 
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was determined following the procedure elaborated in section 2.2.10, by plotting the 

absorbance of 490 nm on the y-axis against concentrations on the x-axis. The results 

were displayed in Table 4-9 and Figure 4-14, suggesting a good linear regression 

between 1~1,000 ng/ml with a correlation coefficient of 0.9969. The acceptable criteria 

is larger than 0.98. 

 

Table 4-9  Results of linearity assessment of the assay for bioactivity. 

 

 

Conc. 

(ng/ml) 

O.D – blank 

(490nm) 

Mean O.D. 

(M) 

Standard 

Deviation 

(σ) 

% RSD 

((σ/M) ×100%) 

10,000 0.3272 0.3115 0.0142 

 

 

4.5 

0.3076 

0.2997 

1,000 0.3216 0.3142 0.0072 2.3 

0.3135 

0.3073 

100 

 

0.2909 0.258 0.0351 13.6 

0.2213 

0.2627 

10 0.2086 0.1881 0.0182 9.7 

0.1818 

0.1739 

1 0.0577 0.0481 0.0106 22.1 

0.0497 

0.0367 

R2 0.9969 

Acceptance 

Criteria 

Range= 1-10,000 ng/ml 

% RSD <30% , R2 ≥ 0.98  
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Figure 4-14 The result of titration curve of proliferated 7TD1 cells in response to 

PEGylated rhIL-11 

 

Accuracy test 

Accuracy test was performed with three references of 100%, 75% and 50% potency 

(12.98×105, 9.74×105, and 6.49×105 U/mg) of PEGylated rhIL-11, prepared by 

adulteration of fetal bovine serum. The calculation of bioactivity for the three references 

was undertaken as described in section 2.2.10, yielding the results summarized in Table 

4-10. A good recovery from 70% to 122% was indicated, within the acceptable criteria of 

65~135%.  

 

Precision (repeatability) test 

Precision of the method was investigated with 6 independent assays using the same 

sample, in which all materials were individually prepared in duplicate. Results of the test 

were summarized in Table 4-11, suggesting a precision of the assay less than 20%. 
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Table 4-10 Results of accuracy assessment for bioactivity. 

% of Bioactivity 

Theoretical 

Potency(U/mg) 

(T) 

Observed 

Potency(U/mg) 

(O) 

Recovery 

(O/T)*100% 

(%) 

100 12.98×105 12.98×105 100 

12.98×105 9.08×105 70 

75 9.74×105 10.76×105 110 

9.74×105 7.51×105 77 

50 6.49×105 5.58×105 86 

6.49×105 7.92×105 122 

  Average (M) 94 

  Standard Deviation (σ) 20 

  %RSD ((σ/M) ×100%) 21 

Acceptance 

Criteria 

% RSD≤30% 

Recovery:65-135% 

  

Table 4-11 Results of precision assessment for bioactivity. 

Preparation Calculated EC50 (ng/ml) Potency (1×105 U/mg) 

1 5.59 9.32 

2 8.39 6.45 

3 12.97 10.73 

4 8.35 10.77 

5 10.51 8.29 

6 11.42 7.43 

Average (M) 9.54 8.83 

Standard Deviation (σ) 2.63 1.76 

% RSD ((σ/M) ×100%) 27.6 20 

Acceptance Criteria % RSD≤30% 

 

The assay of bioactivity for PEGylated rhIL-11 has been partially validated and 

showed a good linearity from 1 to 1,000 ng/mL, a good accuracy between 70~122%, and 

a reproducibility less than 30% variation. The analytical method for measuring bioactivity 

is therefore considered accurate, precise and the suitable for its intended purpose. 
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4.3.3.4 Reference standards 

Two references standards were used during product development. Reference of 

recombinant human interleukin-11(lot #20131002 from Jiuyuan Gene Company) was 

intended for use in bioassay. It was aliquoted in -20°C for storage after dissolving at 1 

mg/mL with Receptor Dilution Medium (RPMI1640 8.9 mL, HI-FBS 10% 1 mL, and 

Pen/Strep 1X 0.1 mL). The other in-house reference for PEGylated rhIL-11s (NS01-

DY02-92 & NS01-DY02-96) was for the use in peptide mapping. After full 

characterizations of the drug product, lot #20151102 was used as a reference standard 

during future development. 

 

4.3.4 Batch analysis of the drug product 

Product-specific and quantitative methods have been partially validated as 

aforementioned and were served for addressing quality aspect. In combination of 

compendial testing methods in pharmacopoeia, they were served as quality check testing 

for lot release. The analytical evaluation in identity, strength, purity and safety of the three 

lots were tabulated in Table 4-12, indicating consistent quality in three preparations. 
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Table 4-12 Results of Quality Control release tests for three lots of drug product 

Test item\Lot no. 20151001 20151102 20151203 

Appearance 

Clear & 

transparent 

liquid 

Clear & 

transparent 

liquid 

Clear & 

transparent 

liquid 

pH 6.90 6.91 6.93 

Osmolality (mOsm/kg) 331 322 325 

SDS-PAGE 

Predominant 

peak between 

130~170 KD 

Predominant 

peak between 

130~170 KD 

Predominant 

peak between 

130~170 KD 

Isoelectric point by IEF 
Conforms to 

rhIL-11 

Conforms to 

rhIL-11 

Conforms to 

rhIL-11 

Protein Assay A280 (mg/ mL) 2.31 2.45 2.41 

Protein Assay Lowry (mg/ mL) 2.22 2.45 2.46 

Peptide map Conforms Conforms Conforms 

RP-HPLC: Mono-PEGylated 

         Multiple-PEGylated 

         Un-PEGylated 

95.60% 

2.77% 

0.46% 

95.32% 

3.06% 

0.42% 

96.90% 

1.32% 

0.49% 

endotoxin <5 EU/vial <10 EU/vial <10 EU/vial 

Sterility test Pass Pass Pass 

Bioactivity (x106 U/mg) 1.1 1.1 1.2 

 

Results of residual endotoxin test and sterility tests indicated product free of process-

related impurities. Molecular weights and product-related impurities were examined by 

SDS-PAGE analysis, and quantified by RP-UPLC respectively. Products were inspected 

by non-reducing SDS-PAGE analysis visualized by silver staining, as displayed in Figure 

4-15. Apparent molecular weight of product was estimated by fitting the regression 

algorithm of logarithm mass and migration distance. In Figure 4-16, the calculated 

molecular weight was found to be 159,178, 164,850, 158,889 Daltons for Lot #20151001, 

#20151102, and #20151203 respectively. Apparent molecular mass is always larger than 

actual mass for PEGylated protein because of PEG’s flexible hydration structure, creating 

a larger molecular space. On the SDS-PAGE, little degradant nor unconjugated rhIL-11 



Modification of Recombinant Human Interleukin-11 to Enhance Pharmacologic Properties and Therapeutic Potential 

 

169 

was observed. A small amount of large molecular species, composed of multiple-

PEGylated rhIL-11, was seen in the SDS-PAGE, whose content was substantiated by RP-

UPLC. 

 

       Lot #20151001           Lot #20151102          Lot #20151203        

  M  2000 1000  200  40  20 (ng)   M  2,000 1,000 200  40  20 (ng)  2,000 1,000  M  200  40  20(ng) 

 

Figure 4-15 Purity and apparent molecular weight of the rhIL-11 conjugates, as 

resolved on a non-reducing 8-16% SDS-PAGE and visualized with silver staining.  

Each sample was loaded at 0.02~2.0 μg as indicated.  

 

The charge characteristic of PEGylated rhIL-11 was examined by a precast PhastGel 

IEF 3-9 gel, as exhibited in Figure 4-17. All three lots migrated at the same position with 

unconjugated rhIL-11, suggesting the same pI value larger than 9.6. 

Product-related impurities were quantified by RP-UPLC as seen in Figure 4-18. 

Results of three lots confirmed consistent product purity larger than 95%, with 

unmodified rhIL-11 at about 0.5%. The large molecular species were accounted for 1~3%. 
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 #20151001 #20151102 #20151203 

Estimated mass 159,178 Daltons 164,850 Daltons 158,889 Daltons 

Figure 4-16 Determination of the apparent molecular weight of PEGylated rhIL-11 

by SDS-PAGE. Standard curves of the logarithm mass versus migration distance were 

plotted.  

 

 

Figure 4-17 The IEF gel of rhIL-11 and three lots of PEGylated rhIL-11. The arrow 

indicated the migration position of rhIL-11 and conjugates. 
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Figure 4-18  Purity check of the three lots of PEGylated rhIL-11 by RP-UPLC. 

 

Additionally peptide maps of three lots, resulted from tryptic digestion were shown 

in Figure 4-19, suggesting comparable primary structure with one another in terms of 

post-modifications and conjugation sites. Identities of each proteolytic peak had been 

identified by LC/MS and was further characterized in the next chapter. 
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Figure 4-19 The comparison of UPLC chromatograms of tryptic maps, derived from 

tryptic digestion of the three lots of PEGylated rhIL-11.  
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4.4 CONCLUSIONS AND DISCUSSION 

Reaction parameters for producing PEGylated rhIL-11 have been optimized yielding 

the optimal chemical conjugation taken place under the following condition: 5 mg/mL 

protein, PEG to protein molar ratio of 2, pH at about 5 and incubation at room temperature 

for 24 hours. The conjugation yield for mono-PEGylated rhIL-11was about 50%. One-

column purification process has also been optimized at a high sample load of 7.5 mg/mL 

yielding a step recovery of about 50%. The research batch-size of about 0.4 g has been 

successfully scaled up to 1.5 g. Three lots of drug product have been successfully 

produced accordingly with the defined process and adequate controls, in which lot one 

(#20151001) came from the trial run; lot two (#20151102) and lot three (#20151203) were 

intended for stability study and preclinical investigations. Product of each lot contained 

over 95% mono-PEGylated rhIL-11. The overall yield of drug product was about 25% 

expectedly. Quality assessment of three lots indicated consistency in identity, strength, 

purity and sterility. The material for preclinical evaluation required further qualitative and 

quantitative characterizations in physicochemical properties as described in the next 

chapter. 

The present large-scale process for producing PEGylated rhIL-11 has overcome 

many hurdles of conventional purification of PEGylated protein. Conjugated protein is 

usually isolated with ion-exchange, and/or size-exclusion chromatography (SEC). Ion-

exchange chromatography is always preferred because the resolution power of SEC is 

limited by molecular weight of PEGylated protein typically differing by at least a factor 

of two. Additionally, the SEC is not suitable for large scale process. PEGylated protein is 

eluted prior to unconjugated protein in charge-based chromatography suggesting the 

“shielding” effect of preventing the interaction between protein and the stationary phase 

of resins. However positional isoforms are not well separated in preparative scale. A 
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satisfactory bio-separation power is only achievable at low sample load such as less than 

1 mg/mL chromatographic resin. 

The present manufacturing process employing MacroCap SP, a cation-exchanger 

combining high capacity with retained resolution, has successfully yielded consistent 

product purity greater than 95% using just one-column step at a high sample load of 7.5 

mg/mL chromatographic resin. The robust process allows future scale-up with little 

difficulties as the drug development advances to late-stage which demands much larger 

supply of the drug. A higher sample load is possible by optimizing the “displacement 

effect” in chromatography. It is a common phenomenon that appears during sample 

loading as protein with higher surface charge tends to displace those with lower surface 

charge. If a sample is loaded at 15 mg/mL resin for example in the future, sodium salt 

concentration for elution shall be reduced accordingly. 
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5 Chapter 5  Characterizations of the 

Monopegylated Interleukin-11 

 

ABSTRACT 

The monopegylated rhIL-11 was subjected to biological and physicochemical 

characterization in order to define the active pharmaceutical ingredient related to its 

identity, structure and stability. Structural characterizations of the PEGylated recombinant 

human interleukin-11 was achieved with a combination of advanced instruments such as 

mass spectrometer and circular dichroism. Conventional methodologies such as peptide 

mapping and Edman sequencing were exploited to confirm the primary structure, which 

was additionally supported by the molecular mass determined by ESI-MS and MALDI-

TOF MS. The conformation of secondary structure remained unchanged after the 

modification by conjugating with the polyethylene glycol chain, as revealed by circular 

dichroism in far-UV region. Neither the isoelectric point was altered after the 

modification. SDS-PAGE analysis visualized by Coomassie blue and barium iodine 

stainings unambiguously verified one single attachment of 40-KD polyethylene glycol 

chain. The conclusion also agreed with molecular weights determined by ESI- and 

MALDI-TOF MS. The PEGylation site was characterized quantitatively and qualitatively 

with the stable isotopic labeling using dimethylation, which has not been reported. Tryptic 

mapping coupled with such an approach unequivocally substantiated the predominant 

conjugation site being the N-terminal amine with a high occupancy of approximately 

81~86% while the remaining conjugation site(s) being Lys-174. The stability study of the 

drug product revealed that it was stable in 2~8°C. A possible degradation was deamination 

at Asp-49 and/or Gln-67 at a very slow rate. 
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5.1 INTRODUCTION 

Production of complex biological products for human use from microbial cells or 

cell lines from human or animal sources is a challenging process since a subtle change 

may lead to an alteration of their functional activity and safety. The present study 

therefore has to ensure that the lead compound is precisely characterized so that the 

correlation between the physicochemical and functional characteristics with animal 

toxicity can be drawn. Such a study also aims to elucidate the scientific understanding of 

the biological molecule, thus helping identify chemical and physical instabilities, as 

causes of associated change in future clinical efficacy and safety. Unlike small molecules 

and synthetic chemical drugs, biopharmaceutical molecules are much more complex 

biomacromolecules imparting primary as well as higher-order structures. Common post-

translational modifications occur on primary sequence, including truncation, oxidation, 

deamidation and glycosylation. Higher-order structural change may include folding and 

aggregation. Protein characterizations employ extensive analytical methods using a 

combination of principals from physics, chemistry and biology. A stability program is 

also deployed to explore chemical stability both in a normal real time storage condition 

(5°C  3°C), and in an accelerated condition (25°C/60% relative humidity) to predict 

possible changes of quality attributes. Data of product stability also are used to support 

quality integrity throughout the course of preclinical animal studies. 

PEGylated proteins, are even more difficult to be characterized as many analytical 

approaches fail due to the interference of covalent-bonded polymeric molecules. Hence 

the characterization of primary structure was conducted using rhIL-11 itself without 

conjugation. Molecular weight was determined by mass spectrometer. Primary sequence 

was elucidated by Edman degradation for initial 15 N-terminal amino acids. After 

modification, the PEGylated rhIL-11 was examined by the polyacrylamide gel 
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electrophoresis under non-reducing conditions to elucidate molecular weight, and purity 

including impurity of other molecular sizes. Product concentration was determined by 

UV absorbance at 280 nm and by Lowry assay. Peptide mapping coupled with LC/MS 

was utilized to qualitatively investigate the integrity of the amino acid sequence, as well 

as conjugation site(s). Circular dichroism allows to determine the composition of 

secondary structure. The functional activity of the drug product was determined by the 

cell-based bioassay. 

An analytical hurdle relates to the high isoelectric point of IL-11 at about 11. 

Analytical methods such as IEF and cIEF can only resolve pI as high as 9. In the present 

study, the ionic property of both the conjugated and unconjugated IL-11 was only able to 

be characterized with a high-resolution isoelectric focusing. 

Another analytical challenge is the qualitative and quantitative characterization of 

PEGylation sites. Many PEGylated proteins are available in pharmaceutical market, and 

each PEGylated therapeutic is reviewed on a case by case basis by international regulatory 

agencies.104 PEG was regarded as an excipient during early years of regulatory review 

process. With the advanced development of analytical technologies, PEGylated 

therapeutics are required to address the heterogeneity of drug composition in terms of 

conjugation site and occupancy at a given site. At the very beginning, PEGylation site 

was elucidated by Edman sequencing of protein, by taking the advantage of the fact that 

sequencing is not allowed for conjugated amino acid residue. Another cumbersome 

approach is demonstrated by the PEGylated interferon-alpha-2a whose each positional 

isoform was separated and quantified by analytical ion-exchange chromatography in a 

tedious fashion, followed by peptide mapping and LC/MS identification.105 One simple 

method deploys biotin-PEG derivatives that were isolated by avidin-immobilized column, 

followed by identification with Matrix Assisted Laser Desorption Ionization (MALDI) 
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MS.106 However, such a method only allows identification but not quantitation. Still 

another strategy to locate PEGylation site was reported using removal of PEG moiety 

under alkaline condition, leaving a succinyl marker. In comparison to labeling 

unPEGylated sites with deuterium-succinic anhydride, it allows MS identification of 

conjugation site and quantitation if the unconjugated sites are occupied by deuterium-

succinyl markers 107. However, the method is only applicable to N-hydroxysuccinimide 

PEGylation. Moreover, the harsh condition may inevitably degrade protein, leading to 

possible inaccurate quantitation. To my best knowledge, there is no universal 

methodology designated to determine PEGylation site both quantitatively and 

qualitatively. It has been know that some post-translational modification could be 

determined by an established proteomics approach using mass spectrometry. PEGylation, 

as an artificial post-modification, is thus suitable for this kind of analysis. Prevalent off-

gel quantitation of proteins very often employs peptide-based quantitation by MS 

approach, the shotgun proteomics,108, 109 which achieves the identification of proteins by 

characterizing their amino acid sequences and post-translational modifications (or 

bottom-up proteomics). Quantification of proteins can be achieved by label-free or stable-

isotope labelling approaches coupled with MS quantification.110 As illustrated in Figure 

5-1, after proteolytic digestion and 1:1 mixing of heavy and light-labeled peptides, the 

relative ratio of un-PEGylated protein is derived from the ion intensity (or area) of the 

two isotope-tagged peptides. In the present study, isotope-based dimethylation was 

utilized for its cost-effectiveness if compared to commercially available stable isotope 

tags such as tandem mass tags (TMT) and isobaric tags for relative and absolute 

quantification (iTRAQ). 
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Figure 5-1 The workflow of determination of conjugation occupancy by stable-

isotope labelling. The quantitative analysis of un-PEGylated protein is achieved by 

relative comparison of ion intensity (or area) derived from heavy and light isotope-

labelled peptides.  
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Stable isotope-based dimethylation was utilized to produce dimethyl labeled N-

terminal amine or a monomethylated proline by reductive amination as shown in Figure 

5-2,111, 112 resulting in 28 Da (or 14 Da for proline’s modification) and 32 Da (or 16 Da 

for proline’s modification) additional molecular weight for the hydrogen- and deuterium-

labeled respectively. Since 2003, dimethylation has been popular in quantitative 

proteomics applied to differential protein expression, protein interactions, and post-

translational modifications including phosphorylation and glycosylation (Review 113), 

owing to the cost-effective and simple process. This present thesis reported PEGylation 

sites quantitatively and qualitatively using such an approach of stable-isotope labelling 

which allowed relative comparison of heavy and light-isotope tagged peptides by MS 

quantification of their ion intensity (or area) after mixing in equal amount of the two given 

analytes. 

 

 

Figure 5-2 The labeling scheme for stable isotopic dimethylation. 
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5.2 MATERIALS AND METHODS 

 

5.2.1 Materials and reagents 

The reference standard of rhIL-11, derived from yeast was acquired from Hangzhou 

Jiuyuan Gene Engineering Company (Lot# 20150402); while PEGylated rhIL-11 was 

manufactured as described in Chapter 4. Lots #20151102 and #20151203 of PEGylated 

rhIL-11 were employed for characterizations as they were to be used in the subsequent 

stability studies and preclinical investigations. Trypsin of sequencing grade, modified 

from bovine pancreas (Cat. No. 11418025001) was purchased from Roche diagnostics. 

The other endoproteinase- Asp N (#056-05921) was obtained from Wako Pure Chemical 

Industries, Ltd. 36.5~38% formaldehyde solution (#F8775), deuterium labeled 20% 

formaldehyde solution (#492620) and α-cyano-4-hydroxycinnamic acid (#70990) were 

all acquired from Sigma-Aldrich. The Precise Tris-Glycine 8-16% polyacrylamide gels 

were purchased from Thermo Scientific. Trifluoroacetic acid (TFA) (Cat. No. 302031), 

heptafluorobutyric acid (HFBA) (Cat. No. 77253) and acetonitrile (Cat. No. 34967) for 

HPLC operation were all purchased from Sigma-Aldrich. 

 

5.2.2 Production of PEGylated rhIL-11 

PEGylated rhIL-11 was manufactured as aforementioned in Chapter 4. Lots 

#20151102 and #20151203 were subjected to further characterizations. 

 

5.2.3 Residual PEG molecule on SDS-PAGE observed by barium iodine staining 

The molecular weight of PEGylated IL-11 and free PEG moiety were examined by 

Sodium Dodecyl Sulfate-Polyacrylamide gel electrophoresis. Reference standard of the 

Y-shape 40-KD PEG was loaded at 0.1, 0.2, 0.4, 0.8 and 1.6 μg, along with 5 μg 

PEGylated IL-11. After electrophoresis, the gels were visualized with barium iodine 
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staining.114 In brief, SDS-PAGE gels were put in 0.1 M perchloric acid for 15 min, 

followed by addition of 5% barium chloride solution and 0.1 M iodine solution in the 

same perchloric acid solution. Brown color was developed over time until rinsing with 

water. Quantitation of residual PEG molecules was determined by comparing intensity of 

the reference standards using densitometry. 

 

5.2.4 Peptide mapping 

The proteolytic solution was prepared in 50 mM sodium phosphate pH 8 buffer 

containing 2 mg/mL protein, and 1/50 (w/w) trypsin or 1/100 (w/w) proteolytic enzyme 

of sequencing grade. After incubation at room temperature for 6 hours, TFA (or formic 

acid) was introduced to final 0.1% to quench the reaction. Precipitation was removed by 

centrifugation or filtration through a 0.2 or 0.4 μm membrane prior to injecting. Peptide 

identification was carried out with the electrospray ionization (ESI) LC/MS system- 

Finnigan LCQ Advantage coupled with Surveyor HPLC systems from Thermo Scientific. 

The chromatographic procedure was carried out using: 

 Mobile phases and gradient: 

 Tryptic map:  

Column: Zorbax 300 SB-C8, 2.1x150 mm, 5 μm, 300Å pore size (Agilent 

Part No. 883750-906). 

Mobile phase A: 0.1% (v/v) TFA in water; 

Mobile phase B: 0.1% (v/v) TFA in 95% (v/v) acetonitrile; 

Time (min) A% B% 

0 100 0 

3 100 0 

8 95 5 

45 55 45 

45.1 0 100 

52 0 100 
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52.1 100 0 

65 100 0 

 

Asp N map: 

Column: Thermo Aclam 300, 3 μm 2.1x150mm. 

Mobile phase A: 0.1% (v/v) TFA in water; 

Mobile phase B: 0.1% (v/v) TFA in 95% (v/v) acetonitrile; 

Time (min) A% B% 

0 95 5 

4.3 95 5 

20 80 20 

28.8 58 42 

35 50 50 

42 35 65 

42.1 10 90 

50 10 90 

50.1 95 5 

65 95 5 

 

 Flow rate: 0.2 ml/min. 

 Detection: 214 nm. 

 Injection amount: 10 μg. 

Operation parameters of mass spectrometry were as followed. 

 Sheath  gas: 10 arb; 

 Aux. gas:   10 arb; 

 Spray voltage:  4.5 kV; 

 Capillary temp.: 300˚C; 

 Capillary voltage: 35 V; 

 Tube lens:  -32V; 

 Polarity:    Positive; 
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 Full scans collected from 400-2000 m/z, followed by data-dependent zoom scans 

and data-dependent MS/MS scans with CID (collision induced dissociation) energy 

triggering at 55% and dynamic exclusion parameters set at “Repeat Count” = 2; 

“Repeat Duration” = 0.3 min; “Exclusion Duration” = 0.5 min; “Exclusion Mass 

Width” = 2 Daltons. 

The estimated molecular masses of proteolytic peptides cleaved by trypsin and Asp 

N were listed in Table 2-1 and Table 5-1 respectively. Identification of each proteolytic 

peptide was performed manually with the free tool, MS Product that generates possible 

fragment ions resulting from fragmentation of a peptide in a mass spectrometer, available 

at http://prospector.ucsf.edu/prospector/mshome.htm. 

 

Table 5-1  Proteolytic peptides from Asp N digestion of recombinant human IL-11. 

 

5.2.5 PEGylation site quantitation after dimethyl labeling of proteolytic peptides 

The presence of glycine in formulation shall be removed prior to dimethylation as 

the amino groups also participate in the reaction. After purifying with MacroCap SP 

Monoisotopic 

mass 
position 

Peptide 

ID# 
Amino acid sequence 

1057.6 1-11 D1 GPPPGPPRVSP 

700.4 12-17 D2 DPRAEL 

1288.7 18-29 D3 DSTVLLTRSLLA 

1171.7 30-39 D4 DTRQLAAQLR 

577.3 40-44 D5 DKFPA 

190.0 45-46 D6 DG 

498.2 47-50 D7 DHNL 

2692.5 51-77 D8 DSLPTLAMSAGALGALQLPGVLTRLRA 

3877.2 78-111 D9 DLLSYLRHVQWLRRAGGSSLKTLEPELGTLQARL 

2483.5 112-132 D10 DRLLRRLQLLMSRLALPQPPP 

3053.7 133-163 D11 DPPAPPLAPPSSAWGGIRAA HAILGGLHLTL 

1654.0 164-177 D12 DWAVRGLLLLKTRL 
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column, protein was prepared at 1.5~2.0 mg/mL in 50 mM sodium phosphate buffer at 

pH 8. Trypsin of sequencing grade was introduced at 2~4% (w/w), allowing digestion to 

take place at room temperature for 6 hours. Resulting tryptic peptides were dimethylated 

by reductive amination after adding 4% formaldehyde comprised of either hydrogen or 

deuterium atom to achieve a final concentration at about 75 mM. Freshly prepared sodium 

cyanoborohydride was added at last to a 100 mM final concentration. The reaction was 

quenched by adding 0.1 M glycine after incubation at room temperature for 10 to 30 

minutes. Heavy and light isotopic-labeled peptides were mixed at a 1:1 after adding 0.1% 

TFA. Tryptic peptides were analyzed by ESI-MS after removing insoluble particulates by 

filtration or centrifugation in a desktop centrifuge at top speed. Peptide identification was 

carried out with the electrospray ionization (ESI) LC/MS system- Finnigan LCQ 

Advantage coupled with Surveyor HPLC systems from Thermo Scientific, using 

procedures in Section 5.2.4, except the elution gradient as followed. Parameters of mass 

spectrometry are outlined in Section 5.2.4. 

 

Time (min) A% B% 

0 100 0 

3 100 0 

5 95 5 

45 55 50 

45.1 0 100 

52 0 100 

52.1 100 0 

62 100 0 

 

 After data acquisition, selected ion monitoring (SIM) of dimethylated peptides with 

each hydrogen- and deuterium-label was plotted and respective area was integrated using 

the built-in software- Xcalibur. A normalization is required prior to accurate quantitation 
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of PEGylation site in order to justify deviations in pipetting and other operations. Lysine-

deficient peptides such as T2, T3, T4, T5, T9, T10, T13, T17 and T18 at all charge states 

as observed in 400-2000 amu spectrum were selected to justify operational deviations. 

Heavy-isotope was employed to dimethylate tryptic peptides derived from PEGylated 

protein and light-isotope was conjugated on those derived from un-PEGylated protein. 

The averaged normalization factor (N) is: 

N = Σ Ni/n, where             Eq. 5-1 

Ni = (area of heavy isotope-labeled)/(area of light isotope-labeled), and n is the number 

of peptides involved in normalization. The PEGylation quantitation is therefore given by: 

 % PEGylation = (AL - AH/N)/ AL x 100%, where     Eq. 5-2 

AH is the sum area of heavy-isotope signal with all charge states; and AL is the sum area 

of light-isotope signal with all charge states.  

 

5.2.6 Molecular weight determined by mass spectrometry 

The mass of rhIL-11 was determined by LC/MS employing Agilent 1290 infinity 

coupled with Agilent 6540 UHD accurate mass Q-TOF LC/MS systems as stated in 

Section 2.2.8. 

The molecular mass of polymer-conjugated rhIL-11 on the other hand was 

determined by the Ultraflex MALDI-TOF/TOF Mass Spectrometer equipped with a 337-

nm N2 laser (Bruker Daltonics). Samples were desalted with ZipTip pipette tips in 

advance. 10 μL of a 10 mg/mL mixture of α-cyano-4-hydroxycinnamic acid (CHCA) in 

70% acetonitrile with 0.1% TFA was added with equal volume of the desalted sample, 

followed by applying 1~3 μL to a MTP 384-spot ground steel target plate TF (Bruker 

Daltonics). After drying under a stream of air, the samples were analyzed with an 

Ultraflex MALDI-TOF instrument (Bruker Daltonics GmbH, Bremen, Germany) 

equipped with a nitrogen 337 nm laser beam. The instrument was operated in positive 
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acquisition mode acquiring from m/z 30,000 to 90,000. All spectra were obtained with a 

PIE delay 550 ns, ion source 1 voltage of 20 kV, ion source 2 voltage 18.8 kV, lens voltage 

6.8 kV, linear detector voltage 2.9 kV and reflector detector voltage 23 kV. The data were 

collected by averaging 5 laser shots, with the lowest laser energy necessary to obtain 

sufficient signal to noise ratios. 

 

5.2.7 Characterization of secondary structure by circular dichroism 

Far-UV circular dichroism (CD) spectra were recorded with a Jasco J-815 

spectropolarimeter using a quartz cell of 1.0 cm pathlength at room temperature. Protein 

samples were diluted to about 0.02 mg/mL using deionized water or 5 mM sodium 

phosphate pH 7. Secondary structure was monitored in the far-UV region (190~250 nm) 

using operational parameters including scanning rate, bandwidth and response set at 100 

nm/min, 1 nm and 2 sec respectively. Spectra were obtained from an average of 3 scans, 

and were expressed by [θ], the mean residue ellipticity which is defined as 100 x (CD 

signal)/(C x n x l), where C is the protein concentration in mM, n is the number of residue, 

and l is the cell light pathlength in centimeter. 

 

5.2.8 N-terminal sequencing 

Recombinant human IL-11 protein, Lot# 20150402, was subjected to automated 

Edman degradation using the Applied Biosystems LC 494 Procise®  Protein Sequencing 

System (outsourced service provided by Mission Biotech, Taipei, Taiwan).  

 

5.2.9 Amino acid composition 

The analysis was performed with procedures described in section. 2.2.12, using the 

sample of unPEGylated IL-11 Lot#20150402. 
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5.2.10 Stability program 

In support of product integrity during preclinical animal studies, the final drug 

product of lot #20151102 was subjected to stability test to yield preliminary stability 

characteristics, such as rate of inactivation, storage conditions, and date of expiry. Each 

70 sealed vials of drug products were stored in either of the two conditions with avoidance 

of light: real-time at 2~8 °C and accelerated at 25 °C with 60% relative humidity. 

Analytical assessments including appearance, osmolality, bioassay, SDS-PAGE, IEF, 

protein content, RP-UPLC, and peptide mapping were applied to samples at Month 1, 2, 

3 and 6 for normal storage condition. The same assessments were applied to samples at 

Month 3, 6, 9 and 12 for accelerated condition. Additional samples of each time point 

were kept in -20 freezer and were analyzed in parallel with regards to SDS-PAGE and 

peptide mapping. 

 

  



Modification of Recombinant Human Interleukin-11 to Enhance Pharmacologic Properties and Therapeutic Potential 

 

189 

5.3 RESULTS 

 

5.3.1 Purity and residual bioactivity 

The apparent molecular weight, pI value and PEGylated purity have been shown in 

Table 4-12 of Chapter 4. In brief, the drug substance contained more than 95.0% mono-

PEGylated rhIL-11, whose isoelectric property was identical to the unconjugated rhIL-11 

(higher than 9.6). Endotoxin level showed that the product was acceptable for in vitro and 

in vivo studies. The attachment of PEG molecule inevitably hampers receptor binding to 

some extent, resulting in a reduced bioactivity in cell-based proliferation assays. After 

normalization with the bioactivity of the non-modified rhIL-11, the residual bioactivities 

for lot #20151001, #20151102 and 20151203 were found to be 12.0%, 12.7% and 14.0% 

respectively. 

 

5.3.2 Residual PEG molecule in drug product 

As visualized by barium iodine staining shown in Figure 5-3, 40-KD Y-shaped PEG 

migrated to a position at about 75 KD protein size. References of the PEG molecules from 

0.1~1.6 μg exhibited a gradual intensity. The corresponding position of free PEG in 

PEGylated rhIL-11 samples each loaded at 5 μg did not reveal detectable bands. Thus, 

the free PEG content in drug product was not detected, or less than 2% (the detection 

limit). 

The apparent molecular weight of the PEGylated rhIL-11 was found at about 97 KD 

which agrees with the sum of one molecule of free PEG (approx.75 KD) and one molecule 

of rhIL-11 (approx. 20 KD). 
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Coomassie blue staining                Barium iodine staining 

 

PEG 0 μg 0.1 μg 0.2 μg 0.4 μg 0.8 μg 1.6 μg 

Intensity -797 17,310 43,192 106,466 154,994 233,053 

 

Sample Lot # (5 μg) #20151001 #20151102 #20151203 

Intensity of free PEG 1,848 855 546 

Free PEG% N.D. (<<2%) N.D. (<<2%) N.D. (<<2%) 

 

Figure 5-3 8-16% SDS-PAGE non-reducing analysis of free PEG in three lots of the 

drug products, visualized by Coomassie blue and barium iodine staining.  

M: protein marker; lane 1~5: PEG 0.1, 0.2, 0.4, 0.8 & 1.6 μg; lane 6: #20151001, 5 μg; 

lane 7: #20151102, 5 μg; lane 8: #20151203, 5 μg. 

 

5.3.3 Analysis of amino acid composition and N-terminal sequencing 

The primary structure of rhIL-11, lot #20150402 for conjugation, was investigated 

on N-terminal sequence and amino acid composition. The initial 15 amino acids of N-

terminal sequence were Gly-Pro-Pro-Pro-Gly-Pro-Pro-Arg-Val-Ser-Pro-Asp-Pro-Arg-

Ala as determined by Edman degradation, that showed no N-terminal heterogeneity. 

Hydrolyzed amino acid composition was calculated with sample pretreatment using 6N 
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HCl hydrolysis under nitrogen at 110°C for 22 hours. Under such an acidic hydrolysis 

condition, asparagine and glutamine are deamidated to form respective acids. Tryptophan 

is completely degraded. Cysteine and methionine are oxidized and are not readily detected 

from the acid hydrolysate. Tryosine, serine and threonine are partially hydrolyzed. The 

result was provided in Table 5-2. The mole ratios of most amino acid were as expected 

values, except isoleucine, tyrosine and phenylalanine that were deviated because of their 

low abundance.  

 

Table 5-2  Amino acid composition of the starting material rhIL-11 bulk 

lot#20150402. 

Amino 

acids 

1-fold dilution 5-fold dilution Mean Calc. 

No. of 

residue 

Expected 

No. of 

residue 

ABS. % 

Deviation nmole/ 20uL in resuspensed solution 

Prep. 

1 

Prep. 

2 

Prep. 

3 

Prep. 

1 

Prep. 

2 

Prep. 

3 

Asp+Asn 1.712 1.992 1.946 BD 2.025 BD 1.919 10.76 12 10.37 

Thr 1.437 1.559 1.548 BD BD BD 1.515 8.49 9 5.66 

Ser 1.772 1.922 1.867 BD BD BD 1.854 10.39 11 5.54 

Glu+Gln 1.534 1.856 1.805 BD 2.010 BD 1.801 10.10 10 0.97 

Gly 2.363 2.573 2.495 2.415 2.455 2.420 2.454 13.75 14 1.77 

Ala 3.284 3.555 3.477 3.180 3.475 3.405 3.396 19.04 20 4.82 

Cys N/A N/A N/A N/A N/A N/A N/A N/A 0 N/A 

Val 0.720 0.740 0.806 BD BD BD 0.755 4.23 5 15.32 

Met N/A N/A N/A N/A N/A N/A N/A N/A 2 N/A 

Ile 0.212 0.235 0.234 0.220 0.220 0.235 0.226 1.27 2 36.66 

Leu 7.133 7.700 7.579 6.785 7.370 7.320 7.315 41.00 41 0.00 

Tyr 0.236 0.221 0.233 0.580 0.550 0.415 0.373 2.09 1 108.80 

Phe 0.492 BD BD BD BD BD 0.492 2.76 1 175.78 

Lys 0.651 0.508 0.603 BD BD BD 0.587 3.29 3 9.74 

His 0.661 0.626 0.672 BD BD BD 0.653 3.66 4 8.49 

Arg 2.768 3.018 2.959 2.555 2.810 2.780 2.815 15.78 18 12.34 

Pro 3.133 3.360 3.258 4.495 4.760 4.705 3.952 22.15 21 5.48 

Trp N/A N/A N/A N/A N/A N/A N/A N/A 3 N/A 

N/A: Not applicable. 

BD: Below detection limit. Optimal concentration range is 0.4~10 nmole/20 µL. 
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5.3.4 Molecular weight determination by MS 

The molecular weight of the starting material- rhIL-11 (lot #20150402) was obtained 

by Q-TOF MS that yielded 19,046.3 Da (Figure 5-4). It was in good agreement with the 

theoretical averaged molecular weight of 19,047 Da (deviation 36.7 ppm). On the other 

hand, the mass value Mp (molecular weight of the highest curve) of PEGylated rhIL-11 

determined by MALDI-TOF MS was found to be 60,850 Da (Figure 5-5), indicating the 

conjugation of a single PEG molecule to a protein molecule (19,047 Da + 42,668 Da = 

61,715 Da). 

 

Figure 5-4 MS spectrum of rhIL-11 obtained from ESI-Q-TOF mass spectrometer. 

The upper panel is the m/z and the lower panel is the deconvoluted mass. 

 

 

Lot #20151102, Mp=60,904 Da    Lot #20151203, Mp= 60,802 

 

Figure 5-5 MALDI-TOF MS spectra obtained for PEGylated rhIL-11. 
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5.3.5 Primary structure characterized by peptide mapping 

Recombinant human IL-11 does not form disulfide linkage because it lacks cysteine 

residues. Amino acid sequences of rhIL-11 and PEGylated rhIL-11 were verified by 

peptide mapping coupled with LC-MS. Both proteins were initially digested by the 

endoproteinase Asp-N that selectively hydrolyzes peptide bond on the N-terminal side of 

aspartic or cysteic acid. The identity of each peak was elucidated using the m/z spectrum 

and MS/MS fragmentation. All proteolytic peptides were successfully assigned as shown 

in Figure 5-6, except D9 and D10. The overall coverage was only 69.5%. The intensity 

of two peaks designated as D1 and D1-2, were significantly diminished in the peptide 

map of PEGylated rhIL-11, suggesting the conjugation being taken place on D1 and/or 

D2. Since N-terminal amine was the only functional group susceptible to reductive 

amination, it was the site where conjugation occurred. 

 

Figure 5-6 Comparison of HPLC chromatogram of Asp-N digest. The upper and 

lower panels are the peptide mappng of rhIL-11 and PEGylated rhIL-11 respectively.  
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In order to achieve a full sequence coverage, trypsin was employed alternatively to 

cleave both rhIL-11 and PEGylated rhIL-11 on the C-terminal side of lysine and arginine 

amino acid residues. The identity of each peak was elucidated using the m/z spectrum and 

MS/MS fragmentation. All tryptic peptides, except T14 and T15 were successfully 

assigned as seen in Figure 5-7, covering 96.6% amino acid residues. The intensity of peak 

T1, was greatly reduced in the peptide map of PEGylated rhIL-11, indicating the 

conjugation being taken place on T1 predominantly. Since N-terminal amine was the only 

functional group susceptible to reductive amination, it was the site where PEGylation 

occurred. A trace amount of methionine oxidation was also observed in peptide T6-7, 

presumably at Met-58, that requires further identification because data of MS/MS 

fragmentation was not available due to low ion abundance. 
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Figure 5-7 Comparison of HPLC chromatograms of tryptic maps of rhIL-11 and 

PEGylated rhIL-11. 
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5.3.6 Characterization of secondary structure by Circular Dichroism 

CD measurements for secondary structure confirmed highly comparable spectra for 

PEGylated and unconjugated rhIL-11s, as displayed in Figure 5-8, indicating that 

conjugation with a single 40-KD, branched PEG molecule had changed little secondary 

structure. The CD spectra in far-UV region also indicated a typical α-helical signal, as 

seen negative bands at ~220 and 210 nm, and a positive band at ~195 nm. 

 

 

 

Figure 5-8 Circular dichroism spectra of native and PEGylated rhIL-11.  
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5.3.7 Quantitative and qualitative characterizations of PEGylated sites 

PEGylation site was initially determined by comparing the peptide maps of UV 

spectra obtained by trypsin hydrolysis of conjugated and unmodified rhIL-11 (Figure 5-7). 

Peptides T2, T5, T4, T10, T13, and T3 were selected as internal references to yield an 

averaged area ratio of conjugated to unmodified rhIL-11 to compensate for pipetting 

deviation. Area of peptide deduced from tryptic map of PEGylated rhIL-11 was used to 

account for PEGylation content, which was summarized in Table 5-3, indicating a 

predominant conjugation site at N-terminal T1 with about 80% occupancy. This strategy 

yielded a total conjugation percentage over 100%, which thus required further verification 

that followed. 

 

Table 5-3  PEGylation occupancy of the three lots of PEGylated rhIL-11 using UV 

chromatograms. 

Site\PEGylation % Lot #20151001 Lot #20151102 Lot #20151203 

K98 of T12 & T11-12 18.0% 16.9% 13.2% 

N-terminus of T1 78.7% 78.7% 85.2% 

K174 of T20 22.0% 20.8% 22.4% 

K41 of T6-7 11.0% 14.1% 15.2% 

Total 130.5% 131.5% 139.6% 

 

To define conjugation site accurately, stable-isotope labelling approach coupled with 

MS quantification was exploited. Proteolytic peptides derived from tryptic digested rhIL-

11 was dimethylated via reductive amination separately using H- and D-labeled 

formaldehyde. The analytical method was initially attempted by mixing equal portions of 

heavy-isotope labeled proteolytic peptides of PEGylated rhIL-11 (lot #20151203) and 

light-isotope labeled proteolytic peptides of rhIL-11 (lot #20150402). The ion 

chromatogram as shown in Figure 5-9, confirmed successful dimethylation of N-terminal 

and lysyl amines via reductive amination. Labeling onto other residues was not observed 
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under such a reaction condition. The deuterated proteolytic peptide hence obtained 4 amu 

of additional mass over the hydrogen-labeled peptide of lysyl-free (conjugation at N-

terminal amine only), and yielded 8 amu of additional mass over the hydrogen-labeled 

peptide containing one lysyl residue (Figure 5-10). Using the example of T9 

(ADLLSYLR) as shown in Figure 5-10A, the additional 4 amu for the deuterated peptide 

was a result of 4 amu from the N-terminal amine of alanine; while T20 (GLLLLK) as 

seen in Figure 5-10B, the additional 8 amu for the deuterium-labeled peptide was a result 

of 4 amu from the N-terminal amine of glycine residue plus 4 amu from the ε-lysyl amine 

at C-terminus. Area of SIM (selected ion monitoring) plots were integrated for 

quantitation. For example m/z at 712.7 and 720.6 of dimethyl labeled peptides were 

integrated as shown in Figure 5-9B and C respectively, showing an about 1:1 ratio of light 

to heavy-isotope labeled peptides. 

 

Figure 5-9 Ion chromatogram of peptide map obtained from dimethylated tryptic 

peptides of H- and D-labeled peptides combined at 1:1 ratio. (A) Tryptic map, (B) 

Selected ion monitoring plotted and area integrated for m/z at 712.7±0.5 amu. (C) 

Selected ion monitoring plotted and area integrated for m/z at 720.6±0.5 amu.  
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Figure 5-10 ESI-spectra of dimethylated T9, containing no lysyl residue (A); and T20, 

containing one lysyl residue (B). H- and D-labeled peptides were combined in 1:1 ratio. 

Asteroid means dimethylation site. 

 

The identity of dimethylated T20 peptide was elucidated by MS/MS fragmentation, 

as depicted in Figure 5-11. T20 peptide- GLLLLK contains two conjugation sites at N-

terminal amine and C-terminal ε-lysyl amine respectively. A mass shift of 4 amu was 

noticed for b and y ions of the deuterated peptide. This finding suggests two methyl 
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groups being conjugated as expected, to both the N- and C-termini of the peptide. 

 

 

Figure 5-11 CID spectra of the dimethylated T20 peptides. The upper panel is the H-

labeled and the lower panel is the D-labeled. 

 

Next, the PEGylation site was quantified by comparative analysis of isotopic 

dimethylation of unmodified rhIL-11 and conjugated rhIL-11 (lot #20151203). Lysine-

free peptides served as internal references were used to compensate for pipetting 
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discrepancy. The relative abundances of heavy- to light-isotopic peptides from six 

individual preparations on different days were tabulated in Table 5-4. Any obvious 

deviated ratios that were present in internal references were discarded as indicated by 

cross-outs; this resulted in the largest %RSD at about 11%. Each averaged ratio was used 

to estimate PEGylation occupancy as described in Section 5.2.5, yielding conjugation 

percentage of 2.7%, 86.1%, 15.4% and 40.3% for K98, N-terminus, K174 and K41 

respectively. However since the %RSD value for K41 was large than 30%, it was not 

taken into account.  

Similarly in Table 5-5, conjugation occupancy for lot (#20151102) was determined 

with the same algorithm from four independent preparations on different dates, yielding 

6.9%, 81.1%, 14.8% and 21.5% for K98, N-terminus, K174 and K41 respectively. Again 

results for K41 were less credible due to a large %RSD value. Results of internal 

references indicated that approximately less than 1/3 of peptides obviously deviated. This 

finding also suggested that the inherent deviation of this method probably was due to 

incomplete digestion or/and different digestion efficiency on modified and unmodified 

rhIL-11s. However, results of multiple preparations suggested that quantitation for N-

terminal site was consistent at about 81~86% occupancy that also agreed to the result 

calculated from UV signal of peptide mapping. This was perhaps due to N-terminal 

sequence being a structure of flexible coil, providing accessibility towards to tryptic 

active site for complete cleavage. Similarly, results of K98 from multiple preparations 

were also consistent, suggesting the occupancy at this position at about 0~5%. Thus there 

were remaining about 20% PEGylation site at K174 and/or K41, but their respective 

occupancy requires further investigation. 
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Table 5-4  Quantitation of PEGylation site for PEGylated rhIL-11 lot #20151203. 

Peptide ID SIM 

m/z 

Ratio of area  

No. 1 No. 2 No.3 No. 4 No. 5 No. 6 

T2 702.4+1/698.5+1 0.964 1.010 0.871 0.857 0.809 1.077 

T5 831.6+1/827.7+1 0.761 0.917 0.839 0.812 0.704 0.821 

T4 807.5+1/803.7+1 0.835 0.882 0.872 0.756 0.766 0.859 

T10 870.6+1/866.7+1 1.709 0.744 0.908 0.755 0.804 1.063 

T13 680.8+2/678.9+2 

1359.9+1/1356.1+1 
0.706 0.709 0.911 0.482 0.580 0.862 

T3 625.7+2/623.8+2 

1249.8+1/1246.0+1 
0.869 0.962 0.870 0.572 0.655 0.830 

T17 447.1+2/445.1+2 

892.7+1/888.7+1 
0.792 0.572 0.933 0.246 0.594 0.689 

T18 878.1+3/876.8+3 

1316.6+2/1314.9+2 
0.792 0.888 0.850 0.956 0.875 0.758 

T9 492+2/490+2 

982.8+1/978.8+1 
0.492 0.410 0.846 0.889 0.765 0.886 

MEAN 0.836 0.810 0.878 0.837 0.768 0.914 

RSD 7.4% 10.1% 3.3% 7.9% 7.2% 10.9% 

PEG 

Position 

SIM  

m/z 

Quantitation of PEGylation site (%) MEAN RSD 

(K98) 

T12 

T11-12 

 

683.5+1/675.6+1 

839.7+1/831.8+1 

7.7% 7.8% 
-13.9% 

(as 0%) 

-12.9% 

(as 0%) 

-8.3% 

(as 0%) 
0.8% 2.7% 3.9% 

(N-

terminus) 

T1 

 

806.5+1/802.6+1 81.5% 82.2% 87.4% 88.9% 89.0% 87.6% 86.1% 3.3% 

(K174) 

T20 

 

720.6+1/712.7+1 
14.9% 14.7% 7.1% 14.9% 13.7% 27.2% 15.4% 6.5% 

(K41) 

T6-7 

1814.0+2/1810.9+2 

1210.0+3/1207.5+3 

907.8+4/905.6+4 

7.6% 31.5% 7.2% 82.4% 47.0% 66.2% 40.3% 30.8% 
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Table 5-5  Quantitation of PEGylation site for PEGylated rhIL-11 lot #20151102. 

Peptide ID SIM  

m/z 

Ratio of area  

No. 1 No. 2 No. 3 No. 4 

T2 702.4+1/698.5+1 1.082 1.010 0.825 1.115 

T5 831.6+1/827.7+1 0.898 0.917 0.925 0.965 

T4 807.5+1/803.7+1 0.967 0.882 0.881 0.931 

T10 870.6+1/866.7+1 0.208 0.744 1.046 1.005 

T13 680.8+2/678.9+2 

1359.9+1/1356.1+1 
0.889 0.709 0.811 1.337 

T3 625.7+2/623.8+2 

1249.8+1/1246.0+1 
0.971 0.962 0.938 1.041 

T17 447.1+2/445.1+2 

892.7+1/888.7+1 
1.016 0.572 0.722 1.353 

T18 878.1+3/876.8+3 

1316.6+2/1314.9+2 
0.943 0.888 0.870 0.628 

T9 492+2/490+2 

982.8+1/978.8+1 
0.612 0.410 0.668 0.967 

MEAN 0.967 0.810 0.853 1.004 

RSD 6.7% 10.1% 7.4% 6.6% 

PEG 

Position 

SIM  

m/z 

Quantitation of PEGylation site (%) MEAN RSD 

(K98) 

T12 

T11-12 

 

683.5+1/675.6+1 

839.7+1/831.8+1 

5.8% 7.8% 8.1% 6.0% 6.9% 1.2% 

(N-

terminus) 

T1 

 

806.5+1/802.6+1 77.9% 82.2% 79.5% 84.6% 81.1% 3.0% 

(K174) 

T20 

 

720.6+1/712.7+1 
17.2% 14.7% 26.2% 1.0% 14.8% 10.4% 

(K41) 

T6-7 

1814.0+2/1810.9+2 

1210.0+3/1207.5+3 

907.8+4/905.6+4 

5.5% 31.5% 20.3% 28.7% 21.5% 11.7% 
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5.3.8 Stability in cold and accelerated aging conditions for 6 months 

In order to assess the stability of drug product of PEGylated rhIL-11, it was stored 

at two conditions as planed: real-time (2 to 8 oC) and accelerated (25 °C/60% relative 

humidity), in which the accelerated aging condition aims to yield possible degradation 

pathways. Samples of the 12-month study were taken at designated time points and 

assayed by appearance, pH, osmolarity, bioactivity, SDS-PAGE by silver staining, IEF 

gel, protein content by Lowry and absorbance at 280 nm, RP-UPLC, and peptide mapping. 

SDS-PAGE analysis and peptide mapping were additionally carried out on Month 6 and 

12 for collected samples owing to head-to-head comparison. In the thesis, results 

addressing thermal degradation up to six months, sufficient to submit to regulatory 

authorities, were tabulated in the following tables.  

 

Table 5-6  Results of stability for the drug product stored in cold. 

Test items Real time stability at 2~8 °C 

Month  0  3  6  

Physical assay  

Appearance  
Clear & 

colorless liquid 

Clear & 

colorless liquid 

Clear & 

colorless liquid 

pH  6.9 7.0 7.0 

Osmolality (mOsm/kg)  322 319 324 

Quantitative 

assay  

OD280 (mg/mL)  2.45 2.09 2.02 

Lowry assay (mg/mL) 2.45 2.13 2.18 

Purity  RP-UPLC Mono-PEGylated 95.3% 95.5% 95.4% 

Product 

Identity  

IEF (pI)  Main Band  Conforms Conforms Conforms 

Non-reducing 

SDS-PAGE 
Main Band Conforms Conforms Conforms 

Peptide mapping 
Conforms to reference 

standard 
Conforms Conforms Conforms 

Potency Bioactivity (x106U/vial) 1.59 1.19 1.04 
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Table 5-7  Results of stability for the drug product stored in forced degradation 

conditions. 

Test items Accelerated stability at 25 °C/60% RH 

Month  0 1 2  3 6  

Physical 

assay  

Appearance  

Clear & 

colorless 

liquid 

Clear & 

colorless 

liquid 

Clear & 

colorless 

liquid 

Clear & 

colorless 

liquid 

Clear & 

colorless 

liquid 

pH  6.9 7.0 6.9 7.0 7.0 

Osmolality (mOsm/kg)  322 323 322 321 327 

Quantitative 

assay  

OD280 (mg/mL)  2.45 2.16 1.95 1.99 2.00 

Lowry assay (mg/mL) 2.45 2.20 2.24 2.23 2.07 

Purity  RP-UPLC Mono-PEGylated 95.3% 95.3% 94.6% 94.6% 93.5% 

Product 

Identity  

IEF (pI)  Main Band  Conforms Conforms Conforms Conforms Conforms 

Non-reducing 

SDS-PAGE 
Main Band Conforms Conforms Conforms Conforms Conforms 

Peptide 

mapping 

Conforms to 

reference standard 
Conforms Conforms Conforms Conforms Conforms 

Potency Bioactivity (x106 U/vial) 1.59 1.12 1.40 1.49 1.07 

 

 Upon storage for 6 months, no detectable change was observed in appearance, pH, 

and osmolality for both storages under cold and elevated temperature conditions. As 

noted in Figure 5-12A and B, protein concentration as determined by UV absorbance at 

280 nm and Lowey assay were maintained without marked drop. Degradation if occurred 

resulting in different charge isoform can be resolved on IEF gels, as revealed in Figure 

5-13 showing no significant difference with the reference rhIL-11 up to 6 months in cold 

and ambient storage conditions. Upon storage at 2~8°C, the purity of the investigational 

agent remained stable for at least 6 months, as analyzed by RP-UPLC analysis; however 
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the purity was slightly lower upon storage in forced degradation conditions by 

approximate 1.8% loss at Month 6 (Figure 5-12C). Bioactivities of samples stored in both 

cold and accelerated conditions upon storage for 6 months were shown in Figure 5-12D. 

Due to a larger variation of the assay (RSD <30% in Table 4-9), the fluctuation of 

bioactivity suggested comparable potency. 

 

  

  

 

Figure 5-12 The temperature dependent stability upon storage for 6 months in 2~8 °C 
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and 25 °C.  

      R  C  I     M 

 

Figure 5-13 Results of IEF pI 3~10 gel for temperature dependent stability upon 

storage for 6 months in cold and ambient temperature. 

 

The thermal stability of the protein and PEG moiety were examined by SDS-PAGE 

owing to explore product-related degradants. Samples of each time points collected until 

Month 6 were thawed to compare structural integrity on a SAS-PAGE, visualized by 

barium iodine that selectively stains PEG molecule, followed by Coomassie blue staining 

that reveals protein. As noted in Figure 5-14, samples under cold and room temperature 

remained their structural integrity for at least 6 moths, except that the sample subjected 

to room temperature for 6 months revealed a slightly more intense spot at the position 

indicated by the arrow. 
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             Coomassie blue staining                          Iodine staining             

           PEG (μg)    2-8°C        RT           PEG (μg)     2-8°C       RT       

KD  M  0.1 0.2  0.4 0.8  3M 6M  1M 2M 3M 6M     0.1 0.2  0.4 0.8 3M 6M  1M 2M 3M 6M 

 

 

Figure 5-14 8-16% SDS-PAGE non-reducing analysis of thermal stability samples, 

visualized by barium iodine staining, followed by Coomassie blue staining of the same 

gel. M: protein marker. Each sample was loaded at 5 μg, except 40-KD PEG of Y-shape 

was loaded at designated quantity. 1M represents after one month. 

  

Peptide mapping coupled with LC/Q-TOF MS was additionally conducted to 

elucidate the site of post-translational modifications. Results of tryptic maps for samples 

under cold conditions, as shown head-to-head in Figure 5-15, indicated no detectable 

change in amino acid integrity with regards to truncation and post-translational 

modification such as oxidation. However an unknown peak, X prior to elution of T6-7 

began to rise over time for samples under accelerated aging condition, as displayed in 

Figure 5-16. The CID spectra of X as noted in Figure 5-17 was identical to that of T6-7 

implicating identical amino acid sequence. Evidences of identical amino acid sequence 

and distinguishable retention time from T6-7 in combination, strongly suggested X be 

deamidated T6-7. Deamidation, a post-translational modification occurs primarily in 

asparagine residues and glutamine residues that transforms asparagine/glutamine to 

116.3 

97.4 

66.2 

45 

31 

21.5 

14.4 
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respective acid, or more favorably isoaspartic acid/isoglutamic acid leading to a mass gain 

of 0.985 amu (-NH2 → -OH), as such a subtle change is not discernible for a few Kilo 

Dalton molecule determined by conventional ESI-MS. However such a transformation 

might be detected by RP-UPLC as the additional hydroxyl group provides hydrophilicity 

that is to be eluted earlier than its counterpart onto a RP column. Capillary electrophoresis 

and isoelectric focusing are also applicable tools to detect charge variants. A tendency of 

deamido T6-7, derived from accelerated aging samples was evaluated by calculating 

relative area, suggesting a slow and zero-order rate as noted in Figure 5-12E. Incubation 

time, pH and temperature are three pivotal factors affecting deamidation rate. 

 

 

Figure 5-15 Comparison of UV chromatogram of tryptic digest with sability samples 

upon storgae in cold for up to 6 months. 
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Figure 5-16 (Continued on the next page) 
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(Continued from the previous page) 

Figure 5-16  Comparison of UV chromatogram of tryptic digest with sability samples 

upon storage in forced degradation condition for up to 6 months.  

 

The localization of deamidation site was attempted with MS/MS spectra collected 

from Q-TOF MS. Figure 5-17A of CID spectrum derived from peptide m/z= 1187.9+3, 

displayed the mass gain of 0.5 amu for b26
+2 and b29

+2 ions which perhaps implicated 

deamido Asp-49 but not Gln-67. However in the CID spectrum derived from peptide 

m/z= 1781.4+ (Figure 5-17B), the mass gain of fragment ions controversially indicated 

deamidation occurred at Asp-49 and/or Gln-67. Such an ambiguity failed to locate the 

modification site and perhaps can be resolved with a new accelerated stability program 

using stable isotope water, which was reported employing an accelerating deamidation 

process in the presence of O18 water.115 The transformation if occurs, results in mass shifts 

+3 and +2 amu respectively for Asn deamidation and Asp isomerization, that allows 

unambiguous MS identification with confidence using peptide mapping coupled with 

LC/MS (Figure 5-18). 
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(A) MS/MS spectrum of peptide X at 1187.9+3  

 

(B) MS/MS spectrum of peptide X at 1781.4+2  

 

 

 

 

(C) Peptide fragment notation 

b-ions           6     11    14             26   29  32 

          -      -    -              -    -   - 

DKFPAD GDHNL DSL PTLAMSAGALGA LQL PGV LTR 

                    -      -    -              -    -   -              

                    29     24    21             9    6    3      y-ions 

 

Figure 5-17 CID spectra of the rising peak- X, prior to elution of T6-7. (A) MS/MS 

spectrum of m/z 1187.9+3 ; (B) MS/MS spectrum of m/z 1781.4+2 , and  (C) peptide 

fragment notation. 
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Figure 5-18 Chemical reactions of deamidation and isomerization, both undergoing via 

succinimide intermediate. Asterisk (*) is a symbol of O18. 
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5.4 CONCLUSIONS AND DISCUSSION 

The drug product, which was the monopegylated rhIL-11 at 2 mg/mL and formulated 

in 10 mM sodium phosphate pH 7 buffer containing 0.3 M glycine, was subjected to 

physicochemical and biological characterizations in order to draw a correlation between 

the structure and its function including effectiveness and toxicity. The molecular weight 

of unmodified and modified rhIL-11 were confirmed by ESI-MS and MALDI-TOF MS 

respectively, indicating a single conjugation of PEG molecule onto a rhIL-11 molecule. 

The modification of rhIL-11 did not remarkably cause conformational change in 

secondary structure as evidenced by circular dichroism spectrum at far-UV region. But 

its in vitro bioactivity was declined to about 12~14% relative to unmodified rhIL-11, due 

to steric hindrance between the cytokine and its receptors. The primary structure of rhIL-

11 was verified by N-terminal sequencing, amino acid composition and tryptic maps. 

Identification of disulfide linkage was not carried out because of absent cysteine residue 

in rhIL-11 sequence. Stability of the investigational agent suggested stable under cold 

storage condition with regards to sequence integrity (both amino acid and PEG), purity 

and potency. A possible degradation pathway via deamidation at Asp-49 and/or Gln-67 in 

a slow manner was possible to happen, as predicted by the accelerated stability under 

room temperature. Methionine oxidation however was not observed even under 

accelerated aging condition probably due to the storage under nitrogen. 

 The conjugation occupancy was investigated by tryptic mapping alone, and by 

tryptic mapping coupled with stable isotopic labeling on amine groups. First line of 

evidence came from tryptic maps, as the peak for N-terminal peptide was diminished in 

intensity but not completely disappeared, whereas all other identified peaks were 

comparable in intensity. Secondly, reductive dimethylation on amines with hydrogen- and 

deuterium-labeled formaldehyde in quantitative proteomics is a prevailing strategy due 
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to its cost-effectiveness, but its application in quantification of PEGylation site has not 

been reported. The strategy is even very suitable for our modified rhIL-11 because of the 

identical conjugation chemistry. We have successfully identified the predominant 

conjugation on the N-terminus at about 81~86% occupancy while the remaining 

occupancy on Lys-174 and/or Lys-41 with their ratio needed further evaluation. It is noted 

that the accuracy is dependent on the assumption of equal digestion efficiency for both 

modified and unmodified proteins, which is sometimes not achievable due to shielding 

effect of PEG moiety. In the instance of PEGylated rhIL-11, it is noted an inherent 

accuracy of less than 15% of internal reference peptides after excluding obvious deviated 

ones, using ion trap mass spectrometer such as Finnigan LCQ Deca. A more accurate 

quadrupole mass spectrometer such as Agilent Q-TOF was also attempted but the 

precision of internal peptides and the number of deviated peptides were scarcely 

improved. The quality of the quantitation method can be evaluated in terms of precision 

and accuracy. For example, quantifying H/D ratio of tryptic peptides has been reported 

for bovine serum albumin (BSA) with Q-TOF micro instrument, yielding a percentage of 

relative standard deviation at 40.2% but a high accuracy at 97%.116 This finding suggested 

that a high accuracy was only achievable with plenty of analytes taken into account. 

Similarly quantitation approach using isobaric tag such as TMT-labeled peptides also 

achieved a similar precision in the range of 5.8~44.9%.117 Despite of the inherent 

deviation, this method successfully supports the finding of the N-terminal conjugation at 

about 81~86% occupancy for the drug product, while the remaining about 20% 

occupancy for Lys-174 (Figure 5-19).  
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Figure 5-19 Three dimensional structure of the PEGylated IL-11. While IL-11 is a 

compact and rigid structure, the PEG molecule is very flexible in solution as a radom coil. 
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6 Chapter 6  Preclincal Studies of the 

PEGylated Interleukin-11 

 

ABSTRACT 

PEGylated recombinant human interleukin-11 was evaluated on characteristics of 

pharmacology and toxicology in animals selected from rodents and non-human primates. 

The new drug under investigation imparted a prolonged circulating half-life in Sprague-

Dawley rats (11.5 hours) and cynomolgus monkeys (67 hours) through subcutaneous 

administration, thus a single injection effectively enhanced production of platelets in 

animals with tolerable toxicity. An effective dose was recommended at 0.3 mg/kg and 0.1 

mg/kg for rats and monkeys to induced thrombopoiesis respectively. The toxicokinetics 

study indicated that systemic exposure was positively correlated with the dosing level, 

implying that efficacy and toxicity were both due to exposure of the investigational drug. 

A single exaggerated dose at 15 mg/kg in rats and 6.25 mg/kg in monkeys through 

subcutaneous route revealed tolerable and transient toxicity. The multiple-dose study in 

monkeys receiving weekly 0.3 mg/kg of the drug developed mild to moderate toxicity as 

that of the single-overdose toxicity study. Adverse events and immunogenicity in 

monkeys were only related to receiving repeated while high dosages. Bones were found 

directly affected; while reversible toxicities in heart, liver, kidney and lung were 

consequences of fluid retention. In general, the PEG moiety on rhIL-11 did not elicit 

additional toxicities in animals, although more information from histopathological 

evaluation shall be addressed further. PEGylated rhIL-11 was believed well tolerated in 

monkeys receiving a single effective dose of 0.1~0.3 mg/kg on a biweekly or monthly 

subcutaneous delivery.  
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6.1 INTRODUCTION 

Prior to human use, pharmaceutical agents under investigation are required to 

provide information of pharmacology and toxicology in animals that are used to support 

and predict dose effect on efficacy and safety in phase I clinical trial. The present studies 

therefore aimed to recommend the safe doses and to predict potential organ-dependent 

toxicity in humans during clinical trial. 118 Unlike small molecule drugs having well-

developed scheme for preclinical investigation, preclinical studies for biotechnology-

derived product are engaged on a case-by-case basis or science-driven approach to 

address relevant safety issues. This chapter discussed about the animal studies of 

pharmacology and toxicology of the investigational therapeutic agent- PEGylated rhIL-

11 that has been manufactured and well-characterized aforementioned in the previous 

chapters.  

Pharmacokinetics is the quantitative study of biological processes in absorption, 

distribution, metabolism and excretion (ADME) of a compound over a time course. 

Unlike small molecule drugs, protein is generally catabolized rather than metabolized, 

therefore metabolite of protein is of little concern and mass balance studies are usually 

not required for polypeptide drugs. Data of pharmacokinetics are used to estimate the 

exposure to the drug at a given dose, together with its duration of exposure that can further 

correlate with efficacy (pharmacodynamics) and off-target effect (toxicokinetics). 

Pharmacodynamics is to evaluate the biological effect related to clinical activity which is 

usually achieved by employing cell-based assay and appropriate animal models to 

demonstrate the proof of concept of the therapeutic outcome. Human IL-11 is also 

effective in murine and simian as they all share a very high homology of amino acid 

sequences with one another 25 (Figure 1-4 & Figure 6-1). Therefore an analogue or a 

surrogate protein is not required.  
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Human             1 PGPPPGPPRVSPDPRAELDSTVLLTRSLLADTRQLAAQLRDKFPADGDHNLDSLPTLAMS 

Macaca fascicularis  1 PGPPPGSPRASPDPRAELDSTVLLTRSLLEDTRQLTIQLKDKFPADGDHNLDSLPTLAMS 

 

Human   61 AGALGALQLPGVLTRLRADLLSYLRHVQWLRRAGGSSLKTLEPELGTLQARLDRLLRRLQ 

Macaca fascicularis 61 AGALGALQLPSVLTRLRADLLSYLRHVQWLRRAMGSSLKTLEPELGTLQTRLDRLLRRLQ 

 

Human   121 LLMSRLALPQPPPDPPAPPLAPPSSAWGGIRAAHAILGGLHLTLDWAVRGLLLLKTRL 

Macaca fascicularis 121 LLMSRLALPQLPPDPPAPPLAPPSSTWGGIRAAHAILGGLHLTLDWAVRGLLLLKTRL 

 

Figure 6-1 The amino acid sequence alignment of simian and human IL-11 protein. 

Amino acid residues different from human are underlined. Mature IL-11s of both origins 

share 93.8% identity in 178 residues overlap. 

 

The aims of toxicology studies are to evaluate responses of single dose and repeated 

exposure relating to systemic and/or local toxicity. The study design usually employs 

healthy animals with dosing regimen comparable to future clinical trials and a range 

exceeding therapeutic dose, in compliance with Good Laboratory Practice (GLP) where 

feasible. Generally toxicology studies are conducted in two species, selected one from 

rodent and the other from a non-rodent species, such as non-human primate in the present 

study because of its evolutionary closeness to human. Single dose (acute) toxicity is to 

administer a relatively high dose (fixed or serial dosages) of the drug to an animal, 

followed by a week or two of recovery for signs of toxicity. It provides preliminary 

information on overdose. The present study of the single dose toxicity using PEGylated 

rhIL-11, an exaggerated dose level of 15 mg/kg and 2.5 mg/kg was given to rats and 

monkeys respectively. Repeated dose toxicity on the other hand, is to explore the 

toxicology profile in response to repeated exposure to normal and high dosing levels. 

Preclinical toxicology review of rhIL-11 indicated various dose-dependent and fully 

reversible adverse events after daily administration (Table 6-1, extracted from 
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Pharmacologist’s Review of the US Biological Application No. 96-1433). In particular, it 

also suggested heart and liver as the potential target organs, and an enhanced activity of 

osteoclast at high dose. In the present study of multidose toxicity, animals were dosed on 

a weekly basis instead. 

Safety pharmacology addresses the effects on vital systemic functions, such as 

cardiovascular, central nervous, immunological and respiratory systems, although 

genotoxicity and carcinogenicity are generally considered inappropriate for biologics. 

Reproductive and developmental toxicity of rhIL-11 in pregnant rats indicated a 

decreased number of live fetuses, and an increased number of early fetal death after daily 

injection of a high dose level at 0.1~10 mg/kg/day (US Biological Application No. 96-

1433). Daily administration of IL-11 in pregnant rats at high dose level of 0.1~10 

mg/kg/day also resulted in retarded organogenesis. Meanwhile, IL-11 did not exhibit 

mutagenic potential in mammalian systems. Immunotoxicity however deserves more 

attention as unwanted immune responses to therapeutic protein such as anaphylaxis and 

neutralizing antibodies may pose risks for safety and efficacy. The aforementioned 

discontinued clinical developments of recombinant TPO and PEGylated MGDF are two 

failed examples because of the production of neutralizing antibodies in human subjects. 

PEGylated rhIL-11 is believed to be less immunogenic as clinical investigations of 

Neumega (rhIL-11) showed only two out of 180 patients (1%) developed antibodies 

against Neumega, in which one of the two patients was detected with neutralizing 

antibodies using an unvalidated assay.4  

A comprehensive preclinical evaluation includes pharmacokinetics and 

pharmacodynamics in the pharmacology study, as well as safety pharmacology and 

toxicology studies. In this present study, information of pharmacokinetics, 

pharmacodynamics and toxicology were reported, excluding data of systemic safety and 
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histopathology from toxicology studies. These histopathology data and those from the 

safety pharmacology will be reported elsewhere, because the assessment of which 

requires certified and experienced anatomical pathologists. These preclinical assessments 

will provide the impetus to advance the investigational agent towards clinical 

development. 
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Table 6-1 Reported repeated-dose toxicities of rhIL-11 in preclinical studies. 

Animals Observations Repeated Doses Remarks 

Rats 

Hematology RBC↓ ≥100 μg/kg Reversible 

PLT↑ ≥30 μg/kg Reversible 

Neut%, Lymph%, Mono%↑ 1700 μg/kg Reversible 

Clinical 

Biochemistry 

UREA, PO3-, Globulin, TP, K
+
 ↑; 

GLU, ALB, ALB/Globulin (A/G)↓ 

1700 μg/kg Reversible 

UREA, P, Globulin, K
+
↑; 

GLU, ALB, A/G↓ 

100, 300 μg/kg Reversible 

β/γ Globulin↑ ≥30 μg/kg N/A 

ALP( from bone)↓; ALP(from liver)↑ ≥30 μg/kg Dose-related 

Organs 
Adrenal ↑ ≥300 μg/kg Reversible 

Liver, spleen ↑ ≥30 μg/kg Reversible  

Monkeys 

Hematology RBC↓ ≥100 μg/kg Reversible 

Retic↑ ≥100 μg/kg Reversible 

MCV、MCHC、MCH↓ ≥100 μg/kg Reversible 

PLT↑ ≥100 μg/kg Reversible 

Neut %↑；Lymph %↓  ≥100 μg/kg Reversible 

Clinical 

Biochemistry 

ALB, TBIL, A/G↓; ALP, Globulin, K+,
 

haptoglobin, α&β Globulin, acid α-1-

glycoprotein, α-l-antitrypsin, 

apolipoprotein B, properdin factor B ↑ 

≥100 μg/kg Reversible 

Urea, LDH, C3&4 ↑； 

ALT, GGT, Ca2+, TP, GLU↓ 

300, 1000 μg/kg Reversible 

Organs 
Liver, spleen, kidney ↑ ≥100 μg/kg Reversible 

[Note]: ↑, increase; ↓, decrease; N/A, not available. 
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6.2 MATERIALS AND METHODS 

 

6.2.1 Study materials 

The commercial drug product of rhIL-11, as a reference standard, was acquired from 

Hangzhou Jiuyuan Gene Engineering Company (Lot# 20160302). PEGylated rhIL-11 of 

lot #20151102 and lot #20151203, produced and characterized as described in Chapter 4 

and Chapter 5, were deployed in the present study. In brief, it is a liquid solution 

containing 2 mg/mL of the investigational agent in 10 mM sodium phosphate buffer pH 

7 with 0.3 M glycine. Carboplatin injection solution (150 mg/15 mL, lot# 6AD4590) was 

acquired from Bristol-Myers Squibb (China). 

 

6.2.2 Animals and animal husbandry 

Sprague-Dawley rats (SPF grade) were acquired from Vital River Laboratory 

Animal Technology Co., Ltd (Laboratory animal production license: SCXK(Jing) 2012-

0001), Beijing, China. Clinically healthy, socially housed adult cynomolgus monkeys 

were purchased from Yueyuan Animal Breeding Farm (Laboratory animal production 

license: SCXK(Yue) 2013-0038), Guangdong, China. Animals were sub-caged in a 

conventional clean, GLP-certificated facility of New South Center of Safety Evaluation 

for Drugs in Guangzhou University of Chinese Medicine, China and were maintained at 

a 12-hr light and dark cycle with constant temperature (20~26°C) and humidity control 

(40~70%). The in life manipulation was carried out with procedures adhered to relevant 

local regulations on the care and use of laboratory animals. Research protocols were 

approved by relevant research committee for animal care and use based on 3R principal 

(Reduction, Replacement, and Refinement). At the end of study, animals were euthanized 

by intraperitoneally injecting 30 mg/mL sodium pentobarbital solution at 40 mg/kg, 

followed by rapid exsanguination via abdominal aorta. 
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6.2.3 Pharmacodynamics studies 

The thrombopoietic effect of PEGylated rhIL-11 was demonstrated in rats and 

monkeys. For rats, 10 healthy Sprague-Dawley rats (male to female = 1:1), aging 6~7 

weeks old, were randomly assigned in each group for the pharmacodynamics assessment. 

Bone marrow dysfunction was induced by intravenous injection (via tail vein) of 

carboplatin at a dose strength of 40 mg/kg. Treatment group was subcutaneously 

administered with low (0.033 mg/kg), medium (0.1 mg/kg) and high doses (0.3 mg/kg) 

on a weekly basis. Benchmark reference group was treated with subcutaneous injection 

of rhIL-11 at 0.262 mg/kg for continuous 14 days. After treatment, samples containing 

about 0.5 mL of whole blood were collected from jugular vein at designated time points 

in EDTA-containing tubes. The samples were preserved in deep freezer prior to analysis.  

On the other hand, the pharmacodynamics study in cynomolgus monkeys was 

accompanied with the study of repeated dose toxicity as described in section 6.2.6, 

employing 10 randomized healthy monkeys comprising 5 male and 5 female in a group 

that were weekly administered with saline solution, or PEGylated rhIL-11 at 0.1, 0.3 or 

0.9 mg/kg respectively for continuous 4 weeks, followed by a recovery of 4-week time.  

 

6.2.4 Pharmacokinetics studies 

Six rats of 6~8 weeks old in equal male to female ratio, were randomly assigned in 

a group for the pharmacokinetics assessment. One group was administered with a single 

dose via intravenous route through tail vein at a dosing strength of 300 μg/kg. The other 

group was subcutaneously administered with un-PEGylated rhIL-11 at the same dosing 

strength. Samples containing about 0.2 mL whole blood from rats were collected at 

designated time points in EDTA-containing tubes. The plasma samples were prepared and 

preserved in 2~8°C after centrifugation. The concentration of immunoreactive IL-11 in 
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plasma sample was determined with the DuoSet ELISA development kit for human IL-

11, using 10% blank plasma in the Reagent Diluent provided as diluent. The blank plasma 

was prepared by mixing plasma samples of the drug-free rats. 

The pharmacokinetics assessment of monkeys was accompanied with the study of 

repeated dose (See section 6.2.6). In brief, six cynomolgus monkeys of 3~4 years old in 

equal gender ratio were administered with a single dose by subcutaneous route through 

the superficial veins of the upper extremity at a dosing strength of 0.1, 0.3 or 0.9 mg/kg 

respectively. Additional one group was administered with a single dose via intravenous 

route at 0.1 mg/kg. Samples containing about 0.5 mL whole blood from monkeys were 

collected at designated time points in EDTA-containing tubes. The plasma samples were 

prepared and preserved in 2~8°C after centrifugation. Similarly, the concentration of 

immunoreactive IL-11 in plasma sample was determined with the DuoSet ELISA 

development kit for human IL-11, using 10% blank plasma in the Reagent Diluent 

provided as diluent.  

Data acquisition and processing of ELISA were performed using the software 

packages, ELISA Calc (Customized Applications, Inc.) with 4-parameter logistic 

regression. The analytical method has been partially validated in linearity, accuracy, 

precision, and stability. The lower limit of quantification for the assay was 0.625 ng/ml 

with a calibration range of 0.5~60 ng/ml. Precision of the assay, determined as the 

coefficient of variability on 5 samples (0.625, 1.5, 7.5, 25, and 50 ng/mL), was within 

25% (actual 13.2%). The accuracy of the assay with 5 sample concentrations (0.625, 1.5, 

7.5, 25, and 50 ng/mL) was within the range of 80% and 120% (actual 87.2~106.6%). 

Plasma samples containing PEGylated rhIL-11 were stable up to 14 days under a storage 

condition of 2~8°C. 

All pharmacokinetic calculations of the study were carried out with the drug and 
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statistics (DAS) pharmacokinetic program 3.2.8 (Chinese Pharmacology Society), using 

noncompartmental methods, which yielded pharmacokinetics parameters including  

terminal half-life (t1/2), peak plasma concentration (Cmax), time to peak plasma 

concentration (Tmax), area under the concentration–time curve from time zero to time of 

the infinity (AUC0-∞), area under the concentration–time curve from 0 h to t h (AUC0−t), 

and mean residence time (MRT). The bioavailability (F%) of subcutaneous 

administration was yielded by the following formula. 

F%=(AUC0-∞ of SC × Dose of IV) / (AUC0-∞ of IV × Dose of SC) ×100%  Eq. 6-1 

 

6.2.5 Single dose toxicity studies 

The study of acute toxicity was investigated with Sprague-Dawley rats of 6~8 weeks 

old and cynomolgus monkeys of 3~4 years old. Rats, randomly divided into two groups 

comprising 12 rats each (equal male to female ratio), were treated with PEGylated rhIL-

11 via subcutaneous administration at 15 mg/kg (treatment group) or sterile injection 

water (control group). Clinical signs of safety parameters were observed and recorded 

during the 14-day study, including body weight, behavior, mental status, response to 

stimuli, secretions, excretions and death. Symptoms of toxicity were evaluated for the 

initial 6 hours of post-administration, including breathing rate and depth, movement 

characteristics, unconscious contraction, response to stimuli, abnormal secretions and 

excretions, fever, hair shaft, abnormal excretions, dermal erythema and edema.  

On the other hand, three groups of monkeys comprising 1 male and 1 female each, 

were subcutaneously injected with saline solution (vehicle) or PEGylated rhIL-11 at 

either two dosing levels: one group at 0.1 mg/kg and the other at 6.25 mg/kg. The group 

administered with saline solution was the blank control. Symptoms of toxicity were 

evaluated for continuous 14 days post-administration, including breathing rate and depth, 
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movement characteristics, unconscious contraction, response to stimuli, abnormal 

secretions and excretions, fever, hair shaft, abnormal excretions, dermal erythema and 

edema. Body weights, food consumptions, and clinical pathology examinations including 

hematology, serum biochemistry, urinalysis and coagulation deficiency test for 

prothrombin time (PT) and activated partial thromboplastin time (APTT) were performed 

and recorded weekly throughout the treatment. Blood samples were collected in vacuum 

tube containers with EDTA for the hematological analysis for white blood cell (WBC) 

count, red blood cell (RBC) count, hemoglobin (HGB) concentration, hematocrit (HCT), 

mean corpuscular hemoglobin (MCH), platelet (PLT) count, platelet distribution width 

(PDW), mean platelet volume (MPV), RBC distribution width (RDW), reticulocyte mean 

cellular volume (MCV), mean corpuscular hemoglobin concentration (MCHC), 

reticulocyte percentage (RETIC%), and WBC differential counts, including lymphocyte 

(LYMPH%), monocyte (MONO%), neutrophil granulocyte (NEUT%), eosinophils 

(EOS%), basophilic cell (BASO%) and large unstained cell (LUC%). Coagulation 

indexes were performed by evaluating prothrombin time (PT), and activated partial 

thromboplastin time (APTT). Blood for clinical biochemistry was collected in vacuum 

tubes devoid of anticoagulants, allowing to clot at room temperature. After centrifugation, 

the serum was assayed biochemically yielding parameters for aspartate aminotransferase 

(AST), alanine aminotransferase (ALT), γ-glutamyltranspeptidase (GGT), alkaline 

phosphatase (ALP), creatine phosphokinase (CK), total protein (TP), total cholesterol 

(CHO), creatinine (CREA), albumin (ALB), triglyceride (TG), blood urea nitrogen 

(BUN), glucose (GLU), and total bilirubin (TBIL). All surviving animals were sacrificed 

by exsanguination under anesthesia as planned. 
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6.2.6 Repeated dose toxicity studies 

The study was carried out with rats and monkeys following 5 weekly administrations, 

and a recovery phase of another 4 weeks. Sprague-Dawley rats of 5~6 weeks old and 

cynomolgus monkeys of 3~4 years old were employed in the study. Rats, randomly 

divided into four groups comprising 32 rats each (equal male to female ratio), were treated 

with subcutaneous administration of the investigational agent at 0.3, 0.9 and 2.7 mg/kg 

(treatment group) or sterile injection water (control group) weekly on Day 0, 7, 14, 21 

and 28 (designated as D0, D7, D14, D21 and D28). Clinical signs of safety parameters 

were observed and recorded every day during the 2-month study, including appearance, 

behavior, mental status, secretions, and excretions. Body weights and food consumptions 

were recorded weekly throughout the treatment. Clinical pathological evaluations, 

including hematology, serum biochemistry, and coagulation deficiency test for 

prothrombin time (PT) and activated partial thromboplastin time (APTT), were 

performed one month post-administration. Blood samples were collected in vacuum tube 

containers with EDTA for the hematological analysis for white blood cell (WBC) count, 

red blood cell (RBC) count, hemoglobin (HGB) concentration, hematocrit (HCT), mean 

corpuscular hemoglobin (MCH), platelet (PLT) count, platelet distribution width (PDW), 

mean platelet volume (MPV), RBC distribution width (RDW), reticulocyte mean cellular 

volume (MCV), mean corpuscular hemoglobin concentration (MCHC), reticulocyte 

percentage (RETIC%), and WBC differential counts, including lymphocyte (LYMPH%), 

monocyte (MONO%), neutrophil granulocyte (NEUT%), eosinophils (EOS%), 

basophilic cell (BASO%) and large unstained cell (LUC%). Coagulation indexes were 

performed by evaluating prothrombin time (PT), and activated partial thromboplastin 

time (APTT). Blood for clinical biochemistry was collected in vacuum tubes devoid of 

anticoagulants, allowing to clot at room temperature. After centrifugation, the serum was 
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assayed biochemically yielding parameters for aspartate aminotransferase (AST), alanine 

aminotransferase (ALT), γ-glutamyltranspeptidase (GGT) , alkaline phosphatase (ALP), 

creatine phosphokinase (CK) , total protein (TP) total cholesterol (CHO), creatinine 

(CREA), albumin (ALB), triglyceride (TG), blood urea nitrogen (BUN), glucose (GLU), 

and serum electrolytes including chloride (Cl), sodium (Na) and potassium (K). All 

surviving animals were sacrificed by exsanguination under anesthesia as planned. 

Relative weights (organ-to-body weight %) were calculated for major organs such as heart, 

liver, spleen, kidneys, brain, thymus, adrenal glands, testes, epididymis, uterus and 

ovaries. 

Similarly, cynomolgus monkeys of 3~4 years old, randomly divided into 4 groups 

comprising 10 animals each (equal gender ratio) were subcutaneously injected with the 

investigational agent at 0.1, 0.3, and 0.9 mg/kg or saline solution (control group) weekly 

on Day 0, 7, 14, 21 and 28 (designated as D0, D7, D14, D21 and D28). Clinical signs of 

safety parameters were observed and recorded every day during the 9-week study, 

including appearance, behavior, mental status, secretions, and excretions. Body 

temperature, and food consumption were recorded on a weekly basis. 

Electrocardiography (ECG), ophthalmological examinations, blood pressure, breathing 

rate, and heart beats were recorded on Day 34 (one day before the dosing period, 

designated as D34) and 62 (D62, one day before the end of recovery, or designated as 

rD27, the Day 27 of the recovery period), and will be reported elsewhere. Clinical 

pathological evaluations, including hematology, urinalysis and coagulation deficiency 

test were performed post-administration as scheduled. Urine samples were collected on 

Day 35 (D35 or rD1, the first day of recovery period) and 62 (D62 or rD27) and analyzed 

for pH, protein (PRO), glucose (GLU), occult blood (OB), ketones (KET), bilirubin (BIL), 

urobilinogen (URO), specific gravity (SG), white blood cell (WBC) and nitrite (NIT). 
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Blood samples were collected weekly on D7, D14, D21, D28, D35 (rD1), rD7 (D42), 

rD14 (D49) and rD28 (D63) in vacuum tube containers with EDTA for the hematological 

analysis for white blood cell (WBC) count, red blood cell (RBC) count, hemoglobin 

(HGB) concentration, hematocrit (HCT), mean corpuscular hemoglobin (MCH), platelet 

(PLT) count, platelet distribution width (PDW), mean platelet volume (MPV), RBC 

distribution width (RDW), reticulocyte mean cellular volume (MCV), mean corpuscular 

hemoglobin concentration (MCHC), reticulocyte percentage (RETIC%), and WBC 

differential counts, including lymphocyte (LYMPH%), monocyte (MONO%), neutrophil 

granulocyte (NEUT%), eosinophils (EOS%), basophilic cell (BASO%) and large 

unstained cell (LUC%). Coagulation indexes were performed on D7, D14, D21, D28, 

D35 (rD1) and D63 (rD28) by evaluating prothrombin time (PT), activated partial 

thromboplastin time (APTT), thrombin time (TT), and fibrinogen (FIB). Blood for 

clinical biochemistry was collected on D35 (rD1) and D63 (rD28) in vacuum tubes devoid 

of anticoagulants, allowing to clot at room temperature. After centrifugation, the serum 

was assayed biochemically yielding parameters for aspartate aminotransferase (AST), 

alanine aminotransferase (ALT), γ-glutamyltranspeptidase (GGT), alkaline phosphatase 

(ALP), creatine phosphokinase (CK) , total protein (TP), total cholesterol (CHO), 

creatinine (CREA), albumin (ALB), triglyceride (TG), blood urea nitrogen (BUN), 

glucose (GLU), total bilirubin (TBIL), lactate dehydrogenase (LDH), and serum 

electrolytes including chloride (Cl), sodium (Na), potassium (K), calcium (Ca) and 

phosphate (P). Six animals of each group were euthanized on D35 and surviving animals 

were sacrificed by exsanguination under anesthesia as planned on D63 (rD28) . Relative 

weights (organ-to-body weight %) of major organs were calculated. 
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6.2.7 Toxicokinetics studies 

The toxicokinetics studies were accompanied with single dose and repeated dose 

studies in animals in support of toxicity evaluation. In the single dose study, plasma 

samples were prepared from blood samples drawn from the low to high dosing levels at 

designated time points post-administration. In the 9-week repeat-dose toxicity study, 

plasma samples for toxicokinetics post-administration were collected from animals of the 

first and the last injection. 

The immunoreactive PEGylated rhIL-11 was determined by ELISA, as described in 

Section 6.2.4 Pharmacokinetics studies. 

 

6.2.8 Immunotoxicity 

The study was carried out accompanying with the repeated dose toxicity of monkeys. 

Blood samples for immunotoxicity were taken on D14, D28 and rD27 (D62). 

Immunoglobulins (IgG, IgM and IgA), complements (C3 and C4), and circulating 

immune complex were measured by automatic biochemistry analyzer. 

Immunophenotyping analysis was performed for samples taken on Day 35 (rD1) and 

rD28. Peripheral blood were labeled with fluorescently tagged antibodies against specific 

cell-surface proteins, including T lymphocyte CD3+, CD4+ and CD8+, as well as from B 

lymphocyte CD20+, followed by characterization of lymphocyte subsets with a flow 

cytometry. 

  

6.2.9 Detection of anti-PEGylated rhIL-11 antibodies 

In the repeated-dose toxicity study, ELISA assay was deployed to detect the 

generation of antibodies against PEGylated rhIL-11. ELISA plates were coated overnight 

in cold with 100 μL of 5 μg/mL rhIL-11 prepared in 50 mM sodium bicarbonate pH 9.6 
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buffer. After washing 5 times by adding 300 μL of 0.05% Tween 20 in PBS solution, the 

plates were blocked by adding 200 μL of 1% BSA in PBS buffer, followed by incubating 

at 37°C, 200 rpm for an hour. After washing the plates additional 5 times with 300 μL of 

0.05% Tween 20 in PBS solution, 100 μL of each plasma sample from animal (40~5,000X 

diluted) was added in each well, followed by incubating at 37°C, 200 rpm for an hour. 

The plates were washed 5 times with 300 μL of 0.05% Tween 20 in PBS solution, 

followed by adding 100 μL in each well with 1:10,000 diluted HRP-labeled goat anti-rat 

or goat anti-human IgG. After incubating at 37°C, 200 rpm for an hour, 100 μl of 

3,3’,5’,5’-tetramethyl benzidine (TMB) was added in each well to develop color. When 

50 μL of 2 M H2SO4 was added in each well to stop the reaction, the plates were measured 

at 450 and 570 nm with a plate reader. An OD value above those of negative controls 

(plasma samples from animals without dosing PEGylated rhIL-11) indicates the presence 

of the antibodies against the drug. 

 

6.2.10 Statistical analyses 

 Hematologic data of pharmacodynamics were statistically analyzed by calculating 

the p values using the two-tailed unpaired student t test (homoscedastic-assuming equal 

variances). For statistical analysis of toxicity indexes, the data were performed using one-

way ANOVA followed by the Dunnett’s test for comparison of differences between 

treatment groups and the control, with the software Statistical Product and Service 

Solutions (SPSS v19.0). Statistical significance was designated at #: p ≤ 0.05 and ##: p ≤ 

0.005. Kruskai-Wallis test was applied when the data could not be assumed to follow 

homogeneity of variance. 
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6.3 RESULTS 

 

6.3.1 Pharmacodynamics in rats and non-human primates 

IL-11 drives quiescent primitive progenitor cells of megakaryopoiesis to 

proliferation and differentiation, thus accelerating cell-cycle time. The thrombopoietic 

effect was demonstrated in rats and cynomolgus monkeys. In rats, platelet production in 

response to weekly subcutaneous administration of the PEGylated rhIL-11 was compared 

with daily injection of the reference rhIL-11 for continuous 14 days. The dose of reference 

drug, 0.262 mg/kg in rats, was derived from the maximal human dose of Neumega at 0.05 

mg/kg and the human-rat body surface area conversion factors.98 Treatment of rhIL-11, 

commenced on Day 0 in 10 healthy rats comprising of equal gender ratio, increased 

peripheral blood platelet numbers. As seen in Figure 6-2, the maximal platelet increment 

arrived on Day 6 post-treatment in a dose-dependent manner. The efficacy of the 

PEGylated rhIL-11 given at 0.03~0.1 mg/kg was comparable to repeated administration 

of the reference rhIL-11 at 0.262 mg/kg. No significant efficacy difference with regard to 

gender was observed in the thrombopoietic effect. Similarly, the pharmacodynamics 

assessment in myelosuppressed rats was evaluated in the same dosing scheme except 

rhIL-11 treatment on Day 1 and Day 8 post carboplatin-treatment. In Figure 6-3, the nadir 

occurred in a dose-dependent manner on Day 8 post carboplatin-treatment and platelets 

gradually increased in number afterwards. A low dose of the PEGylated rhIL-11 at 0.033 

mg/kg led to a similar platelet nadir as the negative control (the vehicle group), whereas 

a dose at 0.1 mg/kg or greater resulted in an elevated nadir. Another parameter to assess 

efficacy was to look at the number of animals and duration of a platelet count below 50% 

of pre-administration throughout the experiment. Without treatment, 5 out of 10 rats 

experienced a platelet number less than 50% of pre-administration level, extending 2.6 ± 

1.7 days. Low, medium and high dosing groups however scored 3, 3, and 1 rats 
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experiencing a platelet level below 50% of pre-treatment respectively, with a maximal 

duration of about 2.7±0.6, 2.0±1.4, and 1.0±0.0 days respectively. On the other hand, the 

group receiving repeated administrations of rhIL-11 scored 2 out of 10 rats experiencing 

platelet level below 50% of pre-treatment, extending about 1.0±0.0 day. In addition, 

platelet counts of all treatment groups, except the low dosing group, returned to baseline 

(pre-treatment level) earlier than the control group by 1~2 days. It was therefore 

concluded that a dose at 0.1~0.3 mg/kg was effective in preventing thrombocytopenia in 

myelosuppressed rats.  

Meanwhile, the side-effect of receiving PEGylated rhIL-11 in respect of plasma 

expansion in healthy and carboplatin-treated rats was monitored by the hematocrit. 

Administration of the PEGylated rhIL-11s in healthy rats showed dose-dependent 

hematocrit reduction compared to the untreated group (Figure 6-4). Rats treated with 

carboplatin also led to hematocrit drop, reaching a nadir on Day 8 post-chemotherapy 

(Figure 6-5). But the group treated with PEGylated rhIL-11 at 0.1 or 0.3 mg/kg resulted 

in an elevated nadir when compared to the group treated with repeated dose of rhIL-11 at 

0.262 mg/kg. 
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(A)  

 

(B)  

 

Figure 6-2 Peripheral blood platelet in response to subcutaneous administrations of 

the PEGylated rhIL-11 in healthy rats. (A) Peripheral blood platelet count after weekly 

administration of the PEGylated rhIL-11 at various dosing strength, in comparison to 

rhIL-11 (reference drug) for continuous 14 days. Results are expressed as mean ± SD of 

10 rats. (B) Platelet increment in percentage derived from (A). 
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Figure 6-3 Peripheral blood platelet in response to subcutaneous administrations of 

the PEGylated rhIL-11 on Day 1 after carboplatin treatment on Day 0. Peripheral blood 

platelet count after weekly administration of the PEGylated rhIL-11 at various dosing 

strength, in comparison to rhIL-11 (reference drug) for continuous 14 days. Results are 

expressed as mean ± SD of 10 rats. #: Data processing fit with T test model by comparing 

the treatment group and the vehicle (negative control), p<0.05.  
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Figure 6-4 Hematocrit (Hct) increment in response to subcutaneous administrations 

of PEGylated rhIL-11 in healthy rats. Hematocrit increment after weekly administrations 

of PEGylated rhIL-11 at various dosing strength was displayed, in comparison to rhIL-11 

(reference drug) for continuous 14 days. Results are expressed as mean increment of 10 

rats in percentage. 
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Figure 6-5 Hematocrit (Hct) increment in response to subcutaneous administrations 

of PEGylated rhIL-11 in carboplatin-treated rats. Hematocrit increment after weekly 

administration of the PEGylated rhIL-11 at various dosing strength was shown, in 

comparison to rhIL-11 for continuous 14 days. Results are expressed as mean increment 

of 10 rats in percentage. ##: Data processing fit with T test model by comparing the high 

dosing group and the reference drug, p<0.005.  
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2~3 weeks to return the baseline. The maximal effectiveness of weekly dosing was 

observed at a dose of 0.3 mg/kg, generating 330% and 410% of platelet increment for 

female and male monkeys respectively with insignificant gender variation. A dose larger 

than 0.3 mg/kg did not yield more platelets but reduce to a thrombopoietic effect 

comparable to that of 0.1 mg/kg. Such a decline was resulted from immunogenicity found 

in some monkeys receiving a high dose level (0.9 mg/kg), as elaborated in Section 6.3.6. 

Enhanced thrombopoietic effect of PEGylation was noted, as the weekly SC 

administration of PEGylated rhIL-11 at 0.1 mg/kg in monkeys resulted in a peak platelet 

count above baseline ranging from 190% to 260%, whereas monkeys receiving daily 

injection of unconjugated rhIL-11 at the same dose for 7 days produced a maximal mean 

increase of 140% platelet above baseline.119 

Meanwhile, hematocrit after receiving weekly PEGylated rhIL-11 was monitored 

and displayed in Figure 6-7. Administration of the PEGylated rhIL-11 in healthy monkeys 

expectedly caused hematocrit depression, due to plasma expansion, when compared to 

the control group. The platelet number-dependent hematocrit drop was noted, 

substantiating that the plasma expansion was correlated with the thrombopoietic effect. 

Such a phenomenon was elaborated in Section 6.3.6 coupled with toxicokinetics. No 

overt gender difference with regard to hematocrit drop was identified. The hematocrit was 

returned to a normal level in the recovery phase after discontinuation of the drug.  

 In the study of pharmacodynamics, monkeys were found to be more sensitive to the 

treatment of PEGylated rhIL-11. The protein sequence analysis from humans and 

monkeys showed a high homology of 93.8% and 96.5% for IL-11 and its receptor 

respectively; while only 87.6% and 81.8% homology were shared by humans and rats for 

IL-11 and its receptor respectively.30, 120, 121 An effective dose was suggested at 0.1~0.3 

mg/kg or 0.1 mg/kg for rats and monkeys respectively. 
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Figure 6-6 Peripheral blood platelet in response to weekly subcutaneous 

administrations of PEGylated rhIL-11 in healthy monkeys for 4 weeks. Animals were 

dosed on Day 0, 7, 14, 21 and 28. Results are expressed as mean ± SD of 5 monkeys, 

except the recovery phase. 
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Figure 6-7  Hematocrit (Hct) of healthy monkeys in response to weekly subcutaneous 

administration of the PEGylated rhIL-11 for 4 weeks. Animals were dosed on Day 0, 7, 

14, 21 and 28. Results are expressed as mean ± SD of 5 monkeys, except the recovery 

phase. 
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6.3.2 Pharmacokinetics in rats and non-human primates 

Preclinical pharmacokinetics of PEGylated rhIL-11 was shown in Figure 6-8 for rats 

and Figure 6-9 for cynomolgus monkeys respectively. Figure 6-8 illustrated the time 

course for plasma concentrations of PEGylated rhIL-11 after an intravenous 

administration at 0.3 mg/kg in rats, showing a redistribution phase over 20 hours followed 

by a first-order elimination. Subcutaneous delivery reached a maximal concentration at 

about 24 hours, followed by the first-order clearance phase. The elimination half-life t1/2 

was found to be 11.4 and 8.3 hours for subcutaneous and intravenous administration 

respectively, while the bioavailability of subcutaneous administration was determined to 

be 30.8%. Pharmacokinetics parameters were tabulated in Table 6-2.  

 

 

Figure 6-8 Pharmacokinetics of PEGylated rhIL-11 after a single administration in 

rats at 0.3 mg/kg. Results are expressed as mean ± SD of 6 rats. 
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Table 6-2  Pharmacokinetics parameters of PEGylated rhIL-11 in rats. 

Dosage at 0.3 mg/kg unit SC IV 

t1/2, terminal half-life hr 11.4±3.5 8.3±0.4 

Tmax, time to maximal concentration hr 24±0 N.A. 

Cmax, maximal plasma concentration ng/mL 1,142.9±189.4 8,310.6±539.1 

AUC(0-t), area under curve  hr*ng/mL 32,520±5,675 104,291±6,404 

AUC(0-∞), area under curve to infinity hr*ng/mL 32,607±5,669 105,920±6,317 

Vz, relative volume of distribution mL/kg 159±60 34±3 

Cl, relative clearance mL/hr/kg 9±2 3±0 

MRT(0-t), mean residence time hr 27.4±1.0 12.8±0.5 

Bioavailability (AUC(0-∞) of SC to 

IV) 

% 30.8 

 

 On the other hand, Figure 6-9 illustrated the time course of plasma concentrations 

of PEGylated rhIL-11 after a single subcutaneous or intravenous administration in 

monkeys. When delivered intravenously, the first-order clearance was noted yielding an 

elimination half-life of 35 hours (Table 6-3). The small volume of distribution at 32 ml/kg 

was close to the blood volume of cynomolgus monkeys at ~65 mL/kg, suggesting the 

drug was largely confined in blood vessels. Subcutaneous administration on the other 

hand, led to a gradual increase on the drug concentration and reached a maximal 

concentration at ~39 hours, yielding gender-independent pharmacokinetics parameters 

tabulated in Table 6-3. Although the Cmax of SC route was lower than IV delivery, the 

MRT was extended 1.9-folds, implying that SC route maintained a more prolonged 

effective concentration in blood vessels than IV administration. Elimination half-lives of 

SC route were 67.1, 53.6, and 69.5 hours for 0.1, 0.3 and 0.9 mg/kg dosing levels 

respectively. The bioavailability of subcutaneous administration at 0.1 mg/kg in monkeys 

was therefore found to be 39.5%, in which the loss of absorption might be partly 

accounted by lymphatic uptake. Un-conjugated rhIL-11 via subcutaneous route in 

monkeys however showed a higher bioavailability of 61% (US Biologic License 
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Application No. 96-1433). The relative distribution of volume was 160 ml/kg for the dose 

of 0.1 mg/kg. Comparing to that of 1,868 mL/kg for the un-conjugated counterpart (Table 

6-5), it also suggested that the drug once absorbed in the blood circulation, was largely 

confined in blood vessels.  

Pharmacokinetics of unconjugated rhIL-11 was also studied in cynomolgus monkeys 

as a reference. The plasma concentration of immunoreactive rhIL-11 via subcutaneous 

administration was plotted as seen in Figure 6-10, accompanied with pharmacokinetics 

parameters summarized in Table 6-5. Comparing subcutaneous administration of 

PEGylated and un-conjugated rhIL-11s at the same 0.1 mg/kg, the addition of PEG 

moiety expanded drug exposure in terms of quantity and duration, as the half-life was 

extended 20 folds, the exposure AUC was expanded 274 folds, and MRT was prolonged 

15 folds. The extended half-life and reduced volume of distribution recommended a future 

clinical settings of a single delivery at a fixed dose rather than a weight-dependent one, 

per chemotherapy cycle. 
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Figure 6-9 Pharmacokinetics of PEGylated rhIL-11 after the first and the last 

administrations in monkeys. Results are expressed as mean ± SD of 6 monkeys. 
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Figure 6-10 Pharmacokinetics of rhIL-11 after a single SC administration in monkeys. 

Results are expressed as mean ± SD of 6 monkeys. 
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SC 
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curve to infinity 

hr*ng/mL 67,863 
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Vz, relative volume of 

distribution 

mL/kg 160±76 54±11 70±13 32±7 
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Table 6-4  Pharmacokinetics parameters of PEGylated rhIL-11 in monkeys for the 

fifth SC administration. 

The fifth injections: unit 0.1 mg/kg 

SC 

0.3 mg/kg 

SC 

0.9 mg/kg 

SC 

t1/2, terminal half-life hr 37.4±7.9 41.2±13.9 40.2±21.3 

Tmax, time to maximal 

concentration 

hr 28.8±10.4 28.8±10.1 32.6±15.0 

Cmax, maximal plasma 

concentration 

ng/mL 621 

±126 

2,513 

±2,134 

6,692 

±2637 

AUC(0-t), area under curve  hr*ng/mL 53,305 

±9,327 

205,221 

±106,034 

632,410 

±391,633 

AUC(0-∞), area under curve to 

infinity 

hr*ng/mL 56,144 

±10,199 

223,041 

±108,935 

713,441 

±447,790 

Vz, relative volume of 

distribution 

mL/kg 97±14 93±41 79±12 

Cl, relative clearance mL/hr/kg 2±1 2±1 2±2 

MRT(0-t), mean residence time hr 53.4±5.9 58.5±7.3 54.9±17.8 

 

Table 6-5  Pharmacokinetics parameters of unconjugated rhIL-11 via SC route in 

monkeys. 

 unit 0.1 mg/kg 

SC 

t1/2, terminal half-life hr 3.1±0.3 

Tmax, time to maximal concentration hr 1.3±0.4 

Cmax, maximal plasma concentration ng/mL 44.8±8.5 

AUC(0-t), area under curve  hr*ng/mL 228.2±42.8 

AUC(0-∞), area under curve to infinity hr*ng/mL 247.9±48.5 

Vz, relative volume of distribution mL/kg 1,868±401 

Cl, relative clearance mL/hr/kg 417±86 

MRT(0-t), mean residence time hr 5.0±0.8 

 

6.3.3 Single-dose toxicity in rats 

Efficacy studies in rats demonstrated in section 6.3.1 suggested an effective dose of 

about 0.1~0.3 mg/kg. The single-dose toxicity of receiving the PEGylated rhIL-11 was 
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hence evaluated by challenging 12 Sprague Dawley rats, consisting of equal gender ratio, 

with the drug at 15 mg/kg by a single subcutaneous injection, which was approximately 

50~150X as much as rat’s effective dose. During the 14-day study period, there was no 

mortality or morbidity observed. Transient body weight loss was observed in both male 

and female rats during the first week of recovery while a weight gain occurred during 

Week 2 (Figure 6-11). The weight loss on Day 7 was 16.7% and 18.7% (relative to Day 

0) for female and male rats respectively, and the symptom was more aggravated in male. 

Reversible hypoactivity and piloerection were also observed. Some individual rats 

presented watery stools. All symptoms of toxicity diminished after Day 9. 

 

  

Figure 6-11 Effect on body weight after a single subcutaneous administration of 

PEGylated rhIL-11 at 15 mg/kg or water on Day 0. Results are expressed as mean ± SD 

of 6 rats. 
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monkeys receiving a single dose at 6.25 mg/kg showed hypoactivity, a similar symptom 

also occurring in rats. The female monkeys were more sensitive to PEGylated rhIL-11 as 

treatment with the high dosing level additional elicited watery stool on Day 11, with body 

weight loss during Day 9~14 (Figure 6-12) and bad appetite during Day 4~14. The weight 

loss of the high dosing group was 17.5% and 12.5% (relative to the control group) for 

female and male monkeys respectively (Figure 6-12). Food consumption was not 

dramatically reduced for both male and female monkeys of the low dosing group. Based 

on the body weight change of less than 10%, the MTD (maximally tolerable dose) might 

be estimated to be no greater than 6.25 mg/kg,122 although it requires further investigation 

because this analysis was performed on just two monkeys. 

 

  

Figure 6-12 Effect on body weight after a subcutaneous administration of PEGylated 

rhIL-11 at 0.1 or 6.25 mg/kg or vehicle in monkeys. 
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female monkeys respectively in the low dosing group; while it was 219% and 309% for 

male and female monkeys respectively in the high dosing group. Hematocrit decrease 

induced by PEGylated rhIL-11 was comparable in both male and female monkeys, and 

was found dependent on the level of platelet number as they were 22% and 35% 

hematocrit depression for the low and high dosing groups respectively. The decrease of 

TP and ALB were possibly resulted from both expanded plasma volumes and liver or 

kidney damage. The increased ALP might be suggestive of a malfunction of liver, gall 

bladder or bones, in which bones were the mostly likely cause because of IL-11’s role of 

osteoclast in non-hematopoietic activity.123 The APTT, although taking more time than 

the control group, remained in the normal range (35~45 seconds). Changes of 

hematological and biochemical indexes were transient and returned to baseline gradually. 

As a result, a single dose of 0.1 mg/kg via subcutaneous delivery in monkeys was found 

to generate the platelets effectively while elicit scarce adverse events.  

In the toxicokinetics study of acute dosing groups, the dose-dependent Cmax was 

found to be 849 ± 104 and 29,350 ± 107 ng/mL for 0.1 and 6.25 mg/kg dosing levels 

respectively. Similarly, the systemic exposure AUC(0-∞) of the drug was found to be 71.4 

± 20.0 and 5,419.6 ± 604.8 hr*g/L at low and high dosing levels respectively. Thus the 

Cmax and AUC indicated that exposure of PEGylated rhIL-11 was correlated with dosage.  

Necropsy by visual inspection indicated no obvious lesions and abnormalities on 

body, hairs, and organs. In combination with toxicokinetics, the single dose toxicity 

suggested that a single SC dose at 0.1 mg/kg for monkeys was considered safe and 

effective. 
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Figure 6-13 Elevated hematological and biochemical parameters of monkeys after a 

single subcutaneous administration of the PEGylated rhIL-11 at 0.1 or 6.25 mg/kg, or 

saline on Day 0. 
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Figure 6-14 Declined hematological and biochemical parameters of monkeys after a 

single subcutaneous administration of the PEGylated rhIL-11 at 0.1 or 6.25 mg/kg, or 

saline on Day 0. 
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6.3.5 Repeated-dose toxicity and toxicokinetics in rats 

The 9-week repeated-dose toxicity study employed 16 male and 16 female rats in a 

group which was challenged with three dosing levels at 0.3, 0.9 and 2.7 mg/kg, following 

five SC administrations on Day 0, 7, 14, 21 and 28. All animals survived to the scheduled 

necropsies. Dose-dependent body weight loss was noted in both male and female rats 

when compared to the vehicle control (Figure 6-15). This reversible symptom was 

aggravated in male rats as the greatest weight loss relative to the control group was 11.3% 

and 23.6% for female and male rats respectively. Appetite was not significantly different 

for the three dosing groups throughout the study. Rats of the high dosing group, male and 

female, presented piloerection and watery stool, same symptoms in the single-dose 

toxicity.  

 

 

Figure 6-15 Effect on body weight after weekly subcutaneous administrations of the 

PEGylated rhIL-11 at 0.3, 0.9 or 2.7 mg/kg, or saline in rats on Day 0, 7, 14, 21 and 28. 
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via SC route displayed a dose-related exposure as seen in Figure 6-16. The exposure of 

the first injection with regard to Cmax was found correlated with dosage as a relative dose 

ratio 1:3:9 led to a Cmax ratio of 1:6.6:11.4 (Table 6-6). Dose-normalized exposure 

(AUC/dose) was plotted in Figure 6-17, indicating a linear dose exposure. However 

plasma samples from rats of the fifth administration, except one rat in the low dosing 

group, were all found absent of immunoreactive rhIL-11. Eleven out of 12 rats were tested 

positive for rhIL-11 specific antibodies. The finding was indicative of immunogenicity, 

but the speculation requires to be confirmed by further studies. 

 

 

Figure 6-16 Pharmacokinetics of PEGylated rhIL-11 after the first SC administrations 

in rats. Results are expressed as mean ± SD of 4 rats. 
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Table 6-6  Pharmacokinetics parameters of PEGylated rhIL-11 in rats for the first 

administration. 

 unit 0.3 mg/kg 

SC 

0.9 mg/kg 

SC 

2.7 mg/kg 

SC 

t1/2, terminal half-life hr 15.4±2.9 9.2±0.8 13.0±3.5 

Tmax, time to maximal 

concentration 

hr 24±0 24±0 24±0 

Cmax, maximal plasma 

concentration 

ng/mL 666 

±173 

2,156 

±830 

7,573 

±1,861 

AUC(0-t), area under curve  hr*ng/mL 18,401 

±4,838 

73,347 

±29,755 

276,124 

±50,446 

AUC(0-∞), area under curve to 

infinity 

hr*ng/mL 20,534 

±4,589 

73,463 

±29,755 

280,404 

±51,816 

Vz, relative volume of 

distribution 

mL/kg 340±110 205±143 121±26 

Cl, relative clearance mL/hr/kg 15±3 15±9 7±1 

MRT(0-t), mean residence time hr 21.5±0.6 27.6±1.1 32.4±0.9 

 

 

  

Figure 6-17 Dose-related of pharmacokinetics in rats as suggested by exposure AUC 

(0-∞) and Cmax. Results were expressed as mean ± SD from 4 rats. 

 

  

 -

 2,000

 4,000

 6,000

 8,000

 10,000

0 1 2 3

C
m

ax
, n

g/
m

L

Dose, mg/kg

Cmax vs dose (rats)

 -

 20,000

 40,000

 60,000

 80,000

 100,000

 120,000

 140,000

0 1 2 3

A
U

C
/d

o
se

Dose, mg/kg

Normalized AUC vs dose (rats)



Modification of Recombinant Human Interleukin-11 to Enhance Pharmacologic Properties and Therapeutic Potential 

 

256 

On Day 35 post-dosing, half of the rats (8 male and 8 female) per group were 

sacrificed for evaluations on hematological and biochemical indexes. The rest of survival 

rats were euthanized on Day 63 for the final evaluations. The absence of PEGylated rhIL-

11 in plasma during dosing period may be accompanied by the reversion of platelet count 

and hematocrit. So may be other toxicological effects, although some pharmacologic 

effects may still linger due to late onsets. An elevated Retic% in the high dosing group 

might be suggestive of an indirect role in reticulocytosis. Other hematological findings 

included some deviated HGB and MCHC from the control group (Table 6-7). Coagulation 

indexes (Table 6-9) also suggested insignificant variation from the control group (vehicle). 

Clinical biochemistry analysis (Table 6-10~6-12) indicated declined TP and ALB after 

the recovery period, although ALB stayed in a normal level. Nevertheless, organ 

enlargement in a dose-related manner was noted in spleen and kidney (Table 6-13 & 6-

14), suggesting target organs affected by PEGylated rhIL-11 in rats. Enlarged spleens 

perhaps may be indicative of extramedullary hematopoiesis, while enlarged kidney might 

be associated with fluid retention, which both require further evidence from 

histopathological examinations. Since immunogenicity occurred in rats during the dosing 

period, adverse events observed on Day 35 and thereafter might be the lingering off-target 

effects from the first or second administration. 
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Table 6-7  Hematology parameters of rats during recovery phase in the repeated-

dose toxicity study (Part I). 

(#: p ≤ 0.05) 

 

 

Table 6-8  Hematology parameters of rats during recovery phase in the repeated-

dose toxicity study (Part II). 

(#: p ≤ 0.05) 

 

 

Day Group n 
WBC RBC HGB HCT MCV MCH MCHC PLT 

×109/ L ×1012/ L g/dL % fL Pg g/dL ×109/ L 

D35 

Vehicle 8♀ 3.53±1.49 7.40±0.35 13.8±0.5 41.5±1.5 56.2±2.6 18.6±1.0 33.2±0.5 951±112 

8♂ 6.53±1.95 7.88±0.24 14.7±0.5 45.7±1.4 58.0±1.3 18.6±0.4 32.1±0.3 936±89 

Low 
8♀ 4.30±0.94 7.26±0.27 13.3±0.4 41.0±1.3 56.5±1.1 18.3±0.5 32.4±0.7# 1095±201 

8♂ 6.48±1.55 7.66±0.24 14.0±0.6# 44.1±1.4 57.5±1.3 18.2±0.6 31.7±0.4 1213±219# 

Medium 
8♀ 3.96±2.19 6.80±0.60 12.6±1.0# 39.1±3.3 57.7±3.4 18.7±1.1 32.4±0.5# 1083±179 

8♂ 8.06±1.24 7.63±0.29 13.9±0.6# 43.9±1.5 57.6±0.6 18.2±0.2 31.6±0.5 1192±169# 

High 
8♀ 3.38±1.15 7.12±0.43 13.0±0.9 40.2±2.6 56.4±1.8 18.2±0.7 32.3±0.4# 1127±136 

8♂ 7.12±2.90 7.52±0.13 13.5±0.3# 43.3±1.0# 57.6±1.4 17.9±0.5 31.1±0.5# 1118±121 

D62 

(rD27) 

Vehicle 8♀ 3.91±1.60 7.73±0.34 14.1±0.6 42.8±1.8 55.4±1.3 18.2±0.3 32.8±0.3 1122±133 

8♂ 6.30±1.19 8.40±0.22 14.8±0.5 45.3±0.9 53.9±1.2 17.6±0.5 32.6±0.5 1111±113 

Low 
8♀ 3.24±0.90 7.81±0.48 14.2±0.5 43.5±1.8 55.8±1.6 18.2±0.6 32.7±0.4 1034±78 

8♂ 5.76±1.39 8.03±0.76 14.1±1.2 43.4±3.7 54.2±1.9 17.6±0.7 32.4±0.2 1057±256 

Medium 
8♀ 3.27±1.22 7.98±0.28 14.6±0.7 44.4±1.8 55.6±1.3 18.2±0.5 32.8±0.5 1016±70 

8♂ 6.48±1.29 8.21±0.46 14.5±0.7 44.9±1.9 54.8±1.5 17.7±0.6 32.3±0.7 1200±114 

High 
8♀ 3.61±1.25 7.88±0.41 14.1±0.8 43.6±2.2 55.4±1.6 17.9±0.5 32.4±0.4 1010±169 

8♂ 6.08±1.56 8.02±0.35 13.7±0.6 42.8±1.4 53.4±1.2 17.1±0.5 32.0±0.6 1186±122 

Day Group n 
Neut Lymph Mono Eos Baso Retic 

MCHC 

PLT 

% % % % % % 

×109/ L 

D35 

Vehicle 
8♀ 10.6±4.4 78.6±7.9 8.5±4.1 1.9±0.6 0.2±0.1 1.8±0.4 

8♂ 18.8±9.8 66.7±17.6 12.2±6.9 1.4±1.3 0.2±0.1 2.4±0.2 

Low 
8♀ 11.8±5.9 77.0±10.8 9.4±5.3 1.4±0.5 0.2±0.1 2.4±0.5 

8♂ 16.9±6.4 71.8±11.2 10.0±5.4 0.6±0.2 0.1±0.1 2.8±0.5 

Medium 
8♀ 13.4±5.2 75.3±10.2 8.9±3.7 2.0±1.9 0.2±0.2 2.4±1.0 

8♂ 12.2±4.0 77.5±5.8 8.9±2.9 0.7±0.2 0.1±0.1 3.2±0.5# 

High 
8♀ 12.2±2.7 75.7±5.2 10.3±2.8 1.3±0.3 0.1±0.2 2.2±0.5 

8♂ 15.6±5.1 72.8±7.0 10.1±2.8 0.8±0.2 0.1±0.1 3.5±0.4# 

D62 

(rD27) 

Vehicle 
8♀ 15.6±4.8 79.9±5.8 2.0±1.0 2.3±0.7 0.2±0.1 1.7±0.3 

8♂ 19.4±4.5 76.7±5.0 2.6±0.7 1.2±0.6 0.1±0.1 1.9±0.3 

Low 
8♀ 18.8±9.2 77.1±9.5 2.1±0.8 1.9±0.4 0.1±0.1 1.7±0.4 

8♂ 18.2±5.6 77.3±6.0 2.6±0.9 1.8±0.9 0.1±0.1 1.7±0.2 

Medium 
8♀ 19.1±6.3 76.7±6.3 2.0±0.7 2.0±0.5 0.1±0.1 1.6±0.4 

8♂ 19.6±4.7 76.9±5.0 2.3±0.9 1.0±0.3 0.1±0.1 2.0±0.1 

High 
8♀ 18.7±6.6 76.9±6.7 2.2±1.2 2.0±0.6 0.2±0.1 1.6±0.3 

8♂ 21.8±5.6 74.7±5.9 2.2±0.6 1.1±0.3 0.1±0.0 2.2±0.5# 
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Table 6-9  Coagulation index of rats during recovery phase in the repeated-dose 

toxicity study. 

(#: p ≤ 0.05) 

 

 

Table 6-10  Biochemical parameters of rats during recovery phase in the 

repeated-dose toxicity study (Part I). 

(#: p ≤ 0.05) 

Day Group n PT (sec) APTT (sec) Fib（g/l） TT (sec) 

D35 

Vehicle 
8♀ 8.3±0.5 13.7±3.5 1.75±0.53 49.4±4.3 

8♂ 10.7±0.7 18.4±1.6 2.34±0.31 54.8±2.7 

Low 
8♀ 8.1±0.2 12.4±1.0 2.20±1.04 46.7±1.9 

8♂ 10.4±1.0 16.9±1.7 3.52±1.61 51.0±3.9 

Medium 
8♀ 8.2±0.2 12.2±1.4 1.84±0.16 50.1±4.1 

8♂ 10.9±1.7 17.6±2.2 3.49±1.73 50.6±2.5 

High 
8♀ 8.2±0.3 12.2±1.2 1.99±0.25 47.6±4.4 

8♂ 10.8±0.6 17.4±1.5 2.52±0.18 53.0±3.4 

D62 

(rD27) 

Vehicle 
8♀ 7.9±0.3 14.4±0.7 1.62±0.09 52.5±3.0 

8♂ 20.0±5.7 29.4±5.2 2.07±0.22 57.2±13.8 

Low 
8♀ 7.8±0.6 15.1±0.9 1.59±0.10 50.2±9.8 

8♂ 19.6±15.5 30.5±17.4 1.82±0.13 60.0±6.1 

Medium 
8♀ 8.1±0.3 15.7±0.8 1.53±0.17 52.3±3.1 

8♂ 13.2±2.9 23.3±5.0 2.28±0.41 58.0±5.1 

High 
8♀ 8.0±0.5 15.5±1.1 1.64±0.11 49.4±3.1 

8♂ 13.6±5.0 23.1±6.5 2.02±0.19 55.4±3.4 

Day Group n 
AST ALT TBIL ALP UREA CREA GLU 

U/L U/L µmol/L U/L mmol/L µmol/L mmol/L 

D35 

Vehicle 
8♀ 111.0±34.2 30.40±10.55 1.5±0.5 94.26±31.97 6.64±0.94 36.86±2.41 7.35±1.30 

8♂ 159.2±74.8 90.14±61.94 1.2±0.2 168.15±32.6

0 

5.74±0.97 26.39±3.30 6.32±0.76 

Low 
8♀ 97.7±19.5 25.74±3.75 1.5±0.4 97.37±18.77 6.23±0.89 33.99±3.01 6.28±0.96 

8♂ 107.2±25.7 36.50±10.52 1.2±0.3 131.72±24.2

6 

5.23±0.36 26.70±3.33 5.77±0.26 

Medium 
8♀ 118.8±89.7 45.57±58.44 1.3±0.5 86.52±10.83 6.43±0.94 34.62±4.10 6.64±0.67 

8♂ 99.9±38.5 37.21±14.13 1.2±0.3 143.32±25.9

8 

5.40±0.75 26.41±2.96 5.88±1.11 

High 
8♀ 89.5±14.6 28.68±6.86 1.3±0.5 84.88±9.46 5.94±0.85 31.38±4.22 6.69±0.81 

8♂ 96.4±18.4 32.54±8.09 1.1±0.4 156.78±31.5

6 

5.26±0.60 23.15±1.25 5.75±1.20 

D62 

(rD27) 

Vehicle 
8♀ 139.86±22.01 41.34±10.33 3.2±0.5 58.14±16.49 6.63±0.47 29.35±3.50 6.44±0.74 

8♂ 143.49±29.33 57.50±14.10 2.8±0.2 104.87±20.3

6 

6.23±1.12 20.44±3.68 5.71±0.63 

Low 
8♀ 123.46±20.28 32.44±3.47 2.6±0.7 60.24±15.21 7.29±1.26 30.28±5.41 6.32±1.15 

8♂ 130.15±46.44 49.22±25.56 2.3±0.2# 87.65±21.16 5.96±0.59 21.70±8.90 6.01±1.11 

Medium 
8♀ 123.35±38.49 34.87±9.61 2.8±0.7 55.57±19.30 6.31±1.17 23.32±4.89# 5.68±0.80 

8♂ 128.81±15.41 52.30±30.95 2.1±0.2# 101.55±12.5

1 

5.09±0.64 16.70±2.09 5.75±0.97 

High 
8♀ 129.45±15.39 34.20±3.65 2.4±0.4# 53.30±22.12 6.09±0.59 24.32±3.05 5.86±0.67 

8♂ 161.72±38.79 44.91±7.46 2.2±0.3# 107.75±16.8

8 

5.96±0.86 15.96±4.44 5.77±1.04 
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Table 6-11 Biochemical parameters of rats during recovery phase in the repeated-dose 

toxicity study (Part II). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(#: p ≤ 0.05) 

 

 

Table 6-12  Biochemical parameters of rats during recovery phase in the repeated-

dose toxicity study (Part III). 

(#: p ≤ 0.05) 

Day Group n 
TP ALB CHOL TG CK GGT LDH 

g/L g/L mmol/L mmol/L U/L U/L U/L 

D35 

Vehicle 
8♀ 60.21±3.52 41.07±2.68 1.48±0.30 0.52±0.11 565.96±173.70 0.34±0.08 1137±416 

8♂ 53.76±2.19 35.68±1.09 1.43±0.16 0.56±0.27 448.35±149.47 0.30±0.05 880±317 

Low 
8♀ 61.18±2.33 41.37±1.52 1.52±0.33 0.52±0.33 633.66±198.49 0.30±0.09 1110±335 

8♂ 54.24±2.01 35.51±1.32 1.25±0.19 0.64±0.17 545.50±200.38 0.41±0.26 1098±529 

Medium 
8♀ 56.13±2.49# 37.35±0.68 1.34±0.20 0.42±0.09 506.26±143.01 0.40±0.18 961±292 

8♂ 53.30±2.01 35.03±1.19 1.32±0.33 0.63±0.24 458.22±139.73 0.45±0.26 798±314 

High 
8♀ 57.32±2.75 38.51±2.50 1.43±0.13 0.53±0.05 541.29±159.32 0.29±0.09 871±202 

8♂ 52.80±2.36 34.43±1.33 1.30±0.31 0.60±0.19 555.25±121.54 0.36±0.19 953±282 

D62 

(rD27) 

Vehicle 
8♀ 65.25±4.60 43.96±3.25 1.68±0.40 0.38±0.15 580.60±103.03 0.42±0.05 1344±212 

8♂ 59.81±3.13 38.37±2.10 1.36±0.23 0.64±0.51 516.99±223.37 0.51±0.19 945±436 

Low 
8♀ 65.25±4.97 43.36±3.44 1.49±0.46 0.54±0.34 618.77±172.90 0.39±0.10 1288±287 

8♂ 54.77±3.32# 35.08±1.85# 1.34±0.28 0.44±0.21 546.66±404.94 0.40±0.09 1044±652 

Medium 
8♀ 64.30±3.12 42.79±2.46 1.43±0.34 0.35±0.13 547.88±203.94 0.42±0.04 1198±413 

8♂ 55.41±2.73# 34.95±2.14# 1.21±0.33 0.35±0.12 554.86±76.75 0.37±0.08 1104±199 

High 
8♀ 63.23±3.75 42.35±3.22 1.49±0.35 0.45±0.20 602.52±159.20 1.38±2.91 1326±196 

8♂ 55.44±1.52# 35.55±0.85# 1.27±0.25 0.35±0.15 710.37±214.67 0.44±0.17 1456±483 

Day Group n Calcium Phosphate Sodium Potassium Chloride 

mmol/L mmol/L mmol/L mmol/L mmol/L 

D35 

Vehicle 8♀ 2.37±0.07 1.86±0.31 143.1±1.3 4.43±0.31 108.1±1.5 

8♂ 2.32±0.04 2.32±0.13 143.6±1.0 4.60±0.18 106.2±1.2 

Low 
8♀ 2.43±0.04 2.33±0.40# 143.5±1.1 4.66±0.40 107.8±1.9 

8♂ 2.22±0.06# 2.37±0.14 143.3±0.8 4.84±0.33 105.8±1.7 

Medium 
8♀ 2.37±0.08 2.34±0.31# 143.2±0.8 4.57±0.47 109.2±1.6 

8♂ 2.27±0.07 2.38±0.06 143.4±0.9 4.90±0.39 107.3±0.5 

High 
8♀ 2.42±0.07 2.37±0.25# 143.2±1.2 4.59±0.38 109.4±1.2 

8♂ 2.32±0.05 2.36±0.16 143.0±0.9 4.85±0.32 107.8±2.0 

D62 

(rD27) 

Vehicle 8♀ 2.35±0.08 1.52±0.18 143.1±0.9 4.22±0.23 108.2±1.5 

8♂ 2.35±0.08 2.07±0.14 144.9±1.1 4.57±0.33 107.7±1.7 

Low 
8♀ 2.40±0.12 1.86±0.17# 142.9±1.1 4.72±0.69 108.5±1.4 

8♂ 2.28±0.07 2.06±0.19 143.9±1.2 4.93±0.30 108.0±2.3 

Medium 
8♀ 2.42±0.07 1.84±0.26# 143.5±1.2 4.36±0.29 108.9±0.7 

8♂ 2.26±0.07# 2.09±0.18 144.1±1.2 4.77±0.68 107.6±1.2 

High 
8♀ 2.36±0.04 1.79±0.21 144.5±1.7 4.25±0.21 110.2±1.2# 

8♂ 2.24±0.05# 2.11±0.13 144.6±0.8 4.48±0.26 107.7±1.5 
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Table 6-13  Relative organ weight of rats during recovery phase in the repeated-dose 

toxicity study (Part I). 

(#: p ≤ 0.05) 

 

Table 6-14  Relative organ weight of rats during recovery phase in the repeated-dose 

toxicity study (Part II). 

(#: p ≤ 0.05) 

Day Group n Brain Thymus  Heart  Liver  Spleen  

% % % % % 

D35 

Vehicle 8♀ 0.812±0.055 0.219±0.050 0.370±0.040 3.015±0.152 0.216±0.031 

8♂ 0.548±0.057 0.137±0.027 0.363±0.041 2.895±0.188 0.190±0.027 

Low 
8♀ 0.802±0.054 0.204±0.037 0.359±0.040 3.264±0.247 0.271±0.030# 

8♂ 0.581±0.017 0.150±0.029 0.361±0.008 3.171±0.205 0.250±0.035 

Medium 
8♀ 0.793±0.065 0.227±0.027 0.390±0.039 3.203±0.242 0.282±0.024# 

8♂ 0.574±0.048 0.144±0.027 0.391±0.038 3.107±0.189 0.242±0.043 

High 
8♀ 0.871±0.048 0.193±0.054 0.408±0.032 3.475±0.321# 0.294±0.044# 

8♂ 0.585±0.028 0.125±0.042 0.386±0.035 3.149±0.299 0.245±0.043 

D62 

(rD27) 

Vehicle 8♀ 0.711±0.058 0.149±0.026 0.347±0.047 2.639±0.139 0.174±0.016 

8♂ 0.479±0.053 0.092±0.016 0.343±0.028 2.569±0.224 0.169±0.023 

Low 
8♀ 0.682±0.057 0.148±0.019 0.371±0.054 2.868±0.214 0.217±0.029# 

8♂ 0.463±0.032 0.084±0.022 0.351±0.030 2.628±0.224 0.217±0.080 

Medium 
8♀ 0.666±0.056 0.137±0.018 0.353±0.045 2.803±0.196 0.204±0.025 

8♂ 0.471±0.044 0.102±0.014 0.352±0.019 2.533±0.209 0.183±0.012 

High 
8♀ 0.678±0.034 0.133±0.032 0.365±0.048 2.798±0.215 0.206±0.017# 

8♂ 0.470±0.024 0.088±0.014 0.342±0.017 2.729±0.180 0.192±0.028 

Day Group n Kidney Adrenal Testis Epididymis Ovarian Uterus 

% % % % % % 

D35 

Vehicle 
8♀ 0.697±0.036 0.030±0.007 _- _- 0.057±0.017 0.172±0.029 

8♂ 0.750±0.053 0.015±0.001 0.860±0.083 0.248±0.026 - - 

Low 
8♀ 0.743±0.073 0.031±0.003 - - 0.064±0.009 0.200±0.029 

8♂ 0.823±0.095 0.019±0.003# 0.882±0.096 0.271±0.033 - - 

Medium 
8♀ 0.763±0.052 0.028±0.004 - - 0.060±0.008 0.308±0.169 

8♂ 0.840±0.088# 0.019±0.003 0.916±0.080 0.277±0.023 - - 

High 
8♀ 0.824±0.055# 0.033±0.004 - - 0.064±0.011 0.247±0.076 

8♂ 0.791±0.045 0.018±0.003 0.913±0.074 0.276±0.029 - - 

D62 

(rD27) 

Vehicle 
8♀ 0.633±0.046 0.026±0.006 - - 0.049±0.009 0.192±0.042 

8♂ 0.686±0.043 0.014±0.001 0.682±0.156 0.276±0.057 - - 

Low 
8♀ 0.675±0.026 0.025±0.002 - - 0.051±0.006 0.208±0.054 

8♂ 0.676±0.076 0.014±0.002 0.737±0.086 0.281±0.034 - - 

Medium 
8♀ 0.690±0.070 0.026±0.005 - - 0.053±0.014 0.172±0.068 

8♂ 0.717±0.061 0.015±0.002 0.739±0.059 0.299±0.041 - - 

High 
8♀ 0.639±0.032 0.023±0.004 - - 0.053±0.007 0.131±0.032 

8♂ 0.741±0.065 0.015±0.002 0.774±0.077 0.268±0.039 - - 
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6.3.6 Repeated-dose toxicity and toxicokinetics in non-human primates 

Monkeys of 5 male and 5 female in a group were treated with saline solution 

(vehicle), or the investigational drug at 0.1, 0.3 or 0.9 mg/kg via subcutaneous delivery 

on Day 0, 7, 14, 21 and 28. All cynomolgus monkeys survived to the scheduled necropsies, 

except one male monkey (No. 12) receiving the high dose level died on Day 25 after the 

fourth injection. The necropsy revealed focal necrosis of hepatic and cardiac cells. 

Interstitial pneumonia was also noted in the monkey, which might be caused by fluid 

retention and/or a consequence of congestive heart failure. 

Meanwhile, toxicokinetics of PEGylated rhIL-11 in monkeys were evaluated 

following weekly administration of 0.1, 0.3 and 0.9 mg/kg on Day 0, 7, 14, 21 and 28. 

Plasma samples were collected from monkeys following the first injection and the fifth 

injection for determination of rhIL-11 concentrations by ELISA. The exposure of the first 

injection with regard to Cmax was considered correlated with dosage as a relative dose 

ratio 1:3:9 led to a Cmax ratio of 1:5.2:13.4. The normalized exposure (AUC/dose) was 

plotted in Figure 6-18, indicating that the exposure was dose-related. A similar finding 

was also noted in the fifth (last) injection. A summary of pharmacokinetics parameters 

following the first and the last subcutaneous administration was presented in Table 6-3 

and Table 6-4 respectively. Plasma concentration following subcutaneous administration 

was not accumulated but in general was slightly decreased in the last injection when 

compared to the first delivery. Antibodies against the drug were possibly begun to appear 

in monkeys male No. 10 and female No. 28 after receiving a high dose at 0.9 mg/kg for 

the third injection on Day 14, as platelet levels of both monkeys continued to decline 

thereafter (Figure 6-19), which was supported by an absence of immunoreactive rhIL-11 

in the plasma samples from both monkeys receiving the last administration on Day 28. 

The finding was suggestive of generation of antibodies against the drug, but the 
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speculation requires to be confirmed further. In addition, two female monkeys No. 2 and 

No. 13 following repeated administrations of high dosage (0.9 mg/kg) also showed 

marked decreases in exposures and half-lives (Table 6-15), accompanying with relatively 

low amount of platelets (Figure 6-19), possibly due to mild immunogenicity. 

Immunogenicity found in some monkeys receiving a high dose level of 0.9 mg/kg may 

be accounted for a larger variation of pharmacologic and off-target effects in the group. 

 

 

Figure 6-18 Dose-related parameters of pharmacokinetics in monkeys as suggested by 

exposure AUC and Cmax. Results were expressed as mean ± SD. 
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Figure 6-19 Peripheral platelet counts of monkeys that might generate antibodies 

against the drug following repeated administrations. The drug was administered at 0.9 

mg/kg on Day 0, 7, 14, 21, and 28, for monkey No. 2, 13, 10 and 28. 

 

Table 6-15 Changes of pharmacokinetics parameters in monkeys No. 2 and No.13 for 

the first and the last administrations of high dosage. 

 unit 

 

Monkey No. 2 Monkey No.13 

1st inj. 5th inj. 1st inj. 5th inj. 

t1/2, terminal half-life hr 54.7 13.5 71.5 19.2 

Tmax, time to maximal 

concentration 

hr 24 12 24 24 

Cmax, maximal plasma 

concentration 

ng/mL 7,759 3,406 10,229 4,455 

AUC(0-t), area under curve  hr*ng/mL 768,205 182,870 989,893 284,426 

AUC(0-∞), area under 

curve to infinity 

hr*ng/mL 949,650 184,031 1,327,361 286,446 

Vz, relative volume of 

distribution 

mL/kg 75 95 70 87 

Cl, relative clearance mL/hr/kg 1 5 1 3 

MRT(0-t), mean residence 

time 

hr 59.9 30.5 61.2 42.4 
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 Appetite of the dosing groups was as normal as the saline group, and so were blood 

pressure, body temperature, heart rate, breathing rate and EGC (data not shown). Some 

monkeys receiving medium and high doses developed transient adverse events such as 

watery stool, hypoactivity and piloerection. Intriguingly, body weight was not reduced 

drastically until an accumulation of 5 weekly administrations on Day 35, and was 

gradually regained thereafter (Figure 6-20). Monkeys receiving low or medium doses 

even grew larger than the control group during the initial 4 dosing weeks. Male 

monkeys were more sensitive to toxicity as the worst body weight loss of 13.3% 

(relative to the control) happened on Day 35 and 63 for male monkeys receiving low 

and medium doses. Both male and female monkeys receiving high doses, although 

exposed to a larger amount of the drug, did not show a dose-dependent body weight 

loss, because of immunogenicity found in some monkeys of the group leading to a 

depletion of the drug. Based on body weight change, weekly or less frequent SC 

administration up to 0.3 mg/kg was considered tolerable in monkeys. 

 

  

Figure 6-20  Body weight change in response to periodic dosing with PEGylated rhIL-

11 in cynomolgus monkeys. Results were expressed as a mean of 5 monkeys. 
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In the 9-week repeated-dose toxicity study, clinical data including hematology, and 

coagulation parameters were collected and summarized in Table 6-16~Table 6-18. 

Hematologic toxicity was expectedly associated with plasma expansion, which is the 

most profound side-effect of receiving IL-11, such as dilutional anemia (Figure 6-7) that 

gradually returned to a normal range after discontinuation of the drug. An abrupt 

reduction of HGB (Figure 6-21) was attributed to not only an expanded plasma volume 

but also the impaired production of HGB, as evidenced by gradual declines of MCV and 

MCH (Figure 6-21), that both only rose up slightly after discontinuation of the drug. 

Taken together, they might be suggestive of microcytic anemia, although MCHC values 

stayed insignificantly deviated from the saline-treated group. A petite amount of WBC 

and Lymph% were also reduced (Figure 6-21), that might be caused by an expansion of 

plasma volume and a likelihood of malfunction of bone marrow. All these mild alterations 

on indexes were gender- independent. Dose-independent pharmacologic and off-target 

effects in the high dosing group were partly attributed to immunogenicity in the group.  
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Figure 6-21 (Continued on the next page)  
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(Continued from the previous page) 

 

Figure 6-21 Depression of hematologic indexes in response to periodic dosing with 

PEGylated rhIL-11 in monkeys. 

 

 Conversely, gender- and dose-independent increases in Neut% and Retic% were 

noted in cynomolgus monkeys after repeated administration of PEGylated rhIL-11, in 

which reticulocyte was more pronounced (Figure 6-22, Table 6-16~6-17). This might be 

accounted by one of the hematopoietic roles played by IL-11 indirectly, that is to stimulate 

the proliferation and differentiation of the common myeloid progenitors, which further 

give rise of neutrophils and reticulocytes. A decreased MCV might therefore be also 

attributed to functional iron deficiency following reticulocytosis. While coagulation 

parameters such as PT and TT remained in normal ranges, gender-independent Fib and 

APTT were elevated in monkeys receiving PEGylated rhIL-11 during the dosing period 

and were generally returned to baseline during recovery phase (Figure 6-22 & Table 6-

18). Despite the change, APTT levels were still within a normal range of 15.7~28.0 sec, 

and Fib values were only borderline higher than the upper limit at 4.6 g/L.124 Coagulation 

indexes suggested that receiving PEGylated rhIL-11 seemed to cause few 

thromboembolic events. The marked increase of Fib might also be suggestive of acute 

inflammation, as nephrotic syndrome or liver cirrhosis were likely to occur, although such 

a speculation requires further histopathological support. 

0

5

10

15

20

0 7 14 21 28 35 42 49 56 63 70

1
0

^9
/L

Day

WBC/Female
Saline
Low
Medium
High

0

5

10

15

20

0 7 14 21 28 35 42 49 56 63 70

1
0

^9
/L

Day

WBC/Male Saline
Low
Medium
High



Modification of Recombinant Human Interleukin-11 to Enhance Pharmacologic Properties and Therapeutic Potential 

 

268 

 

 

 

 

Figure 6-22 Elevated hematologic indexes in response to periodic dosing with 

PEGylated rhIL-11 in monkeys.  
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Table 6-16 Hematologic indexes of monkeys treated with repeated administrations 

of PEGylated rhIL-11 (Part I). 

 

(#: p ≤ 0.05) 

 

 

(Continued on the next page) 

Day Group n 
WBC RBC HGB HCT MCV MCH MCHC PLT 

×109/ L ×1012/ L g/dL % fL Pg g/dL ×109/ L 

D7 

Vehicle 
5♀ 11.20±3.17 5.46±0.46 13.2±1.2 43.3±2.9 79.5±4.1 24.1±1.0 30.3±0.9 407±51 

5♂ 13.60±3.77 5.70±0.43 12.8±0.4 42.5±2.3 74.7±4.5 22.6±1.3 30.3±1.2 427±102 

Low 
5♀ 9.87±4.90 3.88±0.53# 9.3±1.0# 32.2±2.3# 83.7±6.3 24.3±1.6 29.0±1.2 974±208# 

5♂ 7.76±1.91# 4.43±0.35# 10.4±1.2

# 

35.1±4.2# 78.9±3.5 23.4±1.1 29.7±0.9 804±127 

Medium 
5♀ 8.21±2.50 3.82±0.25# 9.0±0.6# 30.1±1.4# 78.9±3.6 23.7±1.5 30.0±1.2 951±153# 

5♂ 11.50±2.43 4.08±0.26# 9.4±0.8# 31.7±3.0# 77.6±5.1 23.2±1.2 29.9±0.7 1116±404# 

High 
5♀ 10.84±2.15 4.04±0.43# 9.7±0.9# 32.2±2.4# 79.9±3.5 24.1±1.0 30.1±0.9 974±124# 

5♂ 8.86±1.90# 3.95±0.20# 9.4±0.5# 31.1±1.0# 78.7±2.9 23.9±0.5 30.4±0.8 869±216 

D14 

Vehicle 
5♀ 11.31±4.41 5.45±0.48 13.0±1.0 42.8±2.5 78.9±3.8 23.9±0.9 30.3±0.6 426±48 

5♂ 17.80±3.10 5.61±0.45 12.7±0.5 42.8±1.9 76.5±4.4 22.7±1.3 29.7±1.0 421±99 

Low 
5♀ 10.15±3.20 3.78±0.40# 8.8±0.6# 30.6±1.9# 81.3±5.0 23.5±1.5 28.9±0.6 1382±406# 

5♂ 7.53±2.37# 4.23±0.40 9.8±1.0# 32.5±4.3 76.6±3.7 23.1±0.9 30.2±1.4 1296±216# 

Medium 
5♀ 9.66±2.72 3.75±0.27# 8.6±0.6# 28.7±1.1# 76.7±3.9 23.0±1.6 30.0±1.3 1349±350# 

5♂ 10.76±2.02

# 

3.89±0.14# 8.8±0.6# 29.3±2.6# 75.1±4.9 22.5±0.9 30.0±0.9 1679±255# 

High 
5♀ 10.08±2.94 4.02±0.45# 9.2±0.8# 31.3±2.2# 78.2±3.6 22.9±1.3 29.3±0.9 1462±82# 

5♂ 7.92±2.05# 3.88±0.22# 8.9±0.5# 29.8±1.4# 76.8±1.8 22.8±0.6 29.7±0.8 1352±237# 

D21 

Vehicle 
5♀ 11.92±4.06 5.32±0.43 12.6±1.0 42.2±1.9 79.4±4.3 23.8±0.8 30.0±1.2 422±42 

5♂ 14.06±1.79 5.61±0.55 12.5±0.5 42.2±2.7 75.5±3.4 22.4±1.4 29.7±0.8 429±95 

Low 
5♀ 10.52±4.52 3.98±0.44# 8.7±0.5# 31.3±2.3# 78.8±4.3 21.9±1.5 27.8±1.0# 1337±303 

5♂ 8.25±1.88# 4.36±0.43# 9.3±0.8# 31.7±4.1# 72.6±2.8 21.5±1.0 29.6±1.6 1507±468# 

Medium 
5♀ 8.24±2.12 3.55±0.56# 7.7±0.7# 26.0±2.1# 73.9±5.2 22.0±2.3 29.8±1.6 1592±255# 

5♂ 9.39±2.06# 4.09±0.28# 8.6±0.9# 28.6±3.4# 69.8±4.8 21.1±1.1 30.3±0.9 1952±421# 

High 
5♀ 9.58±3.20 4.11±0.45# 9.1±0.8# 30.3±2.7# 74.0±3.3 22.3±1.2 30.1±1.2 1421±372 

5♂ 8.05±2.00# 4.09±0.82# 9.0±1.8# 30.5±6.6# 74.4±3.2 22.0±1.1 29.6±0.5 1363±504# 

D28 

Vehicle 
5♀ 13.53±4.96 5.46±0.37 13.0±0.9 43.5±1.6 79.8±5.2 23.9±0.9 30.0±1.6 435±63 

5♂ 15.09±2.60 5.62±0.52 12.5±0.8 42.2±3.5 75.2±3.7 22.4±1.3 29.8±1.1 425±55 

Low 
5♀ 10.95±3.74 4.38±0.48 8.7±0.6# 31.7±3.4# 72.6±3.3# 19.9±1.4# 27.4±1.1 1430±340 

5♂ 8.95±1.88# 4.95±0.47 9.5±1.1 33.3±5.0# 67.0±4.2# 19.1±1.0 28.6±1.2 1451±504 

Medium 
5♀ 8.97±1.38 3.91±1.06# 7.8±1.1# 26.7±4.9# 69.2±5.0# 20.5±2.3# 29.6±1.5 2148±437# 

5♂ 9.80±2.03# 4.46±0.39# 8.2±0.7# 28.3±3.9# 63.4±3.9# 18.5±0.9# 29.2±1.6 2227±568# 

High 
5♀ 10.32±3.51 4.34±0.62 9.0±1.0# 30.3±5.1# 69.6±3.6# 20.7±1.1# 29.8±2.4 1703±377# 

4♂ 8.67±1.03# 4.31±1.04# 8.9±2.4# 30.1±8.4# 69.7±6.1 20.8±2.8 29.7±1.8 1761±905 

D35 

Vehicle 
5♀ 10.00±2.53 5.27±0.26 12.4±0.6 41.8±1.2 79.4±4.3 23.6±1.0 29.8±1.0 460±41 

5♂ 10.58±1.51 5.54±0.45 12.3±0.7 41.6±3.5 75.2±3.7 22.3±1.4 29.6±1.0 431±109 

Low 
5♀ 9.32±3.25 4.91±0.38 9.0±0.6# 33.5±3.2# 68.2±2.7 18.2±1.0# 26.8±1.2# 1406±342# 

5♂ 7.94±1.74# 5.01±0.41 9.2±1.1# 31.7±3.8# 63.2±4.4# 18.4±2.0 29.1±1.5 1439±597 

Medium 
5♀ 8.72±1.71 4.49±0.97 7.8±1.2# 28.5±5.5# 63.7±2.1# 17.5±1.0# 27.5±1.3# 1985±327# 

5♂ 8.04±0.86# 4.90±0.39 7.9±0.6# 28.4±3.5# 57.8±3.5# 16.1±1.1# 27.9±1.8 2070±834# 

High 
5♀ 10.27±4.46 4.94±0.54 9.1±1.3# 32.4±5.1# 65.4±5.2# 18.5±1.3# 28.2±1.5 1592±713# 

4♂ 6.96±1.47# 4.69±1.28 8.8±2.5# 30.3±10.0# 64.2±7.2# 19.2±3.7 29.8±4.3 1790±1156

# 



Modification of Recombinant Human Interleukin-11 to Enhance Pharmacologic Properties and Therapeutic Potential 

 

270 

(Continued from the previous page) 

 

 

  

Day Group n 
WBC RBC HGB HCT MCV MCH MCHC PLT 

×109/ L ×1012/ L g/dL % fL Pg g/dL ×109/ L 

D42 

(rD7) 

Vehicle 
2♀ 8.90±0.57 4.75±0.37 11.5±1.6 38.7±5.6 81.1±5.5 24.1±1.4 29.8±0.2 390.0±56.6 

2♂ 11.65±2.69 5.39±0.54 12.5±0.8 41.9±5.5 77.7±2.5 23.1±0.8 29.8±2.0 329.5±36.1 

Low 
2♀ 9.77±2.06 6.10±0.23 11.9±0.8 44.0±3.5 72.0±2.9 19.4±0.6 27.0±0.4 755.0±230.

5 
2♂ 9.98±3.37 6.92±0.28 11.5±0.2 45.5±3.7 65.8±2.8 16.6±0.9 25.3±2.5 666.5±224.

2 Medium 
2♀ 8.09±0.40 6.11±0.28 11.5±0.1 42.8±0.5 70.1±2.3 18.8±1.0 26.8±0.4 122.5±115.

3 
2♂ 8.43±1.20 6.19±0.11 11.5±0.5 41.5±1.4 67.1±3.5 18.6±1.2 27.6±0.3 1454.0±793

.4 High 
2♀ 9.52±1.99 6.26±0.62 13.0±0.4 45.4±1.7 72.7±4.5 20.8±1.3 28.6±0.0 779.0±42.4 

2♂ 10.03±1.06 5.14±2.87 10.1±3.4 33.1±19.1 64.1±1.3 20.8±5.1 32.6±8.6 3036.0±295

9.9 

D49 

(rD14) 

Vehicle 
2♀ 8.90±0.57 4.75±0.37 11.5±1.6 38.7±5.6 81.1±5.5 24.1±1.4 29.8±0.2 390.0±56.6 

2♂ 11.65±2.69 5.39±0.54 12.5±0.8 41.9±5.5 77.7±2.5 23.1±0.8 29.8±2.0 329.5±36.1 

Low 
2♀ 9.77±2.06 6.10±0.23 11.9±0.8 44.0±3.5 72.0±2.9 19.4±0.6 27.0±0.4 755.0±230.

5 
2♂ 9.98±3.37 6.92±0.28 11.5±0.2 45.5±3.7 65.8±2.8 16.6±0.9 25.3±2.5 666.5±224.

2 Medium 
2♀ 8.09±0.40 6.11±0.28 11.5±0.1 42.8±0.5 70.1±2.3 18.8±1.0 26.8±0.4 122.5±115.

3 
2♂ 8.43±1.20 6.19±0.11 11.5±0.5 41.5±1.4 67.1±3.5 18.6±1.2 27.6±0.3 1454.0±793

.4 High 
2♀ 9.52±1.99 6.26±0.62 13.0±0.4 45.4±1.7 72.7±4.5 20.8±1.3 28.6±0.0 779.0±42.4 

2♂ 10.03±1.06 5.14±2.87 10.1±3.4 33.1±19.1 64.1±1.3 20.8±5.1 32.6±8.6 3036.0±295

9.9 

D63 

(rD28) 

Vehicle 
2♀ 6.48±0.88 4.88±0.36 11.8±1.5 39.7±4.2 81.4±2.8 24.0±1.3 29.5±0.6 418.5±102.

5 
2♂ 11.46±4.12 5.35±0.61 12.5±1.1 40.1±4.2 75.0±0.7 23.3±0.6 31.1±0.6 340.5±55.9 

Low 
2♀ 7.89±0.49 6.15±0.04 12.0±0.1 42.9±2.0 69.8±3.5 19.6±0.2 28.0±1.1 515.5±53.0 

2♂ 9.27±0.58 7.22±0.13 12.4±0.1 46.4±1.2 64.3±2.9 17.1±0.2 26.6±0.8 371.0±111.

7 Medium 
2♀ 7.53±1.94 6.74±0.15 12.8±0.1 46.1±0.4 68.4±1.0 19.1±0.5 27.8±0.3 604.5±218.

5 
2♂ 6.54±2.45 6.95±0.01 12.0±0.1 46.0±2.2 66.2±3.0 17.3±0.1 26.2±1.0 430.0±11.3 

High 
2♀ 8.46±2.46 5.99±0.35 12.4±0.2 42.9±0.4 71.8±4.8 20.7±0.8 28.9±0.7 691.5±43.1 

2♂ 6.07±0.26 7.75±0.42 12.1±1.1 49.4±2.3 63.7±0.4 15.6±2.2 24.5±3.3 380.0±86.3 
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Table 6-17 Hematologic indexes of monkeys treated with repeated administrations 

of PEGylated rhIL-11 (Part II). 

 

   (#: p ≤ 0.05) 

 

 

(Continued on the next page) 

Day Group  
Neut Lymph Mono Eos Baso Retic 

MCHC 

PLT 

% % % % % %g/dL 

×109/ L 

D7 

Vehicle 
5♀ 55.9±2.7 39.3±1.9 3.1±1.2 1.5±1.0 0.2±0.0 1.2±0.2 

5♂ 51.2±13.3 45.1±11.4 2.7±1.5 0.8±0.4 0.3±0.1 1.3±0.6 

Low 
5♀ 76.2±6.3# 18.9±5.2# 3.7±1.4 1.1±1.1 0.1±0.1 0.6±0.3# 

5♂ 65.9±11.6 29.3±9.6 4.1±2.6 0.5±0.3 0.1±0.0 0.7±0.2 

Medium 
5♀ 70.5±10.1 22.8±6.9# 6.1±3.3 0.5±0.3 0.1±0.0 0.3±0.1# 

5♂ 76.3±11.7# 20.2±10.2# 3.1±1.4 0.2±0.1 0.1±0.0# 0.7±0.3 

High 
5♀ 79.4±8.0# 16.5±6.6# 3.7±1.6 0.2±0.4 0.1±0.1 0.5±0.2# 

5♂ 67.1±13.8 26.3±12.2# 5.9±2.5 0.5±0.4 0.2±0.1 0.5±0.2 

D14 

Vehicle 
5♀ 57.3±5.5 37.5±4.5 2.9±1.5 2.0±2.0 0.2±0.1 1.0±0.2 

5♂ 60.1±10.8 36.5±10.3 2.7±1.0 0.5±0.2 0.2±0.1 1.6±0.4 

Low 
5♀ 77.4±4.1# 19.2±3.9# 2.3±0.4 1.0±0.9 0.2±0.1 2.1±1.3 

5♂ 66.8±11.7 30.4±11.1 2.4±0.6 0.3±0.2 0.2±0.1 1.5±0.9 

Medium 
5♀ 75.4±8.4# 21.1±7.6# 3.0±1.2 0.3±0.2 0.2±0.1 1.0±0.6 

5♂ 76.7±10.9 20.4±9.7 2.7±1.5 0.1±0.1# 0.1±0.1 1.5±0.6 

High 
5♀ 76.3±17.4# 20.2±16.9# 3.2±1.6 0.2±0.1# 0.1±0.1 1.4±1.1 

5♂ 67.7±9.8 27.7±8.7 4.1±1.7 0.3±0.2 0.2±0.2 1.4±0.7 

D21 

Vehicle 
5♀ 62.0±1.8 33.0±2.9 2.7±0.8 2.0±2.4 0.2±0.1 1.3±0.2 

5♂ 56.7±15.9 39.7±13.9 2.7±1.6 0.6±0.6 0.2±0.1 1.5±0.4 

Low 
5♀ 72.5±5.1 23.8±4.6 2.3±0.4 1.3±0.8 0.2±0.1 3.1±0.7# 

5♂ 64.2±11.6 32.5±10.7 2.6±0.8 0.5±0.3 0.2±0.1 1.8±0.7 

Medium 
5♀ 73.3±5.7 22.5±3.9 3.6±2.0 0.5±0.1 0.1±0.1 1.9±1.3 

5♂ 71.3±11.2 25.1±9.6 3.1±1.5 0.3±0.2 0.2±0.1 2.6±1.1 

High 
5♀ 75.6±12.1# 20.8±12.6 3.1±1.9 0.4±0.3 0.2±0.0 2.0±0.5 

5♂ 70.6±12.1 24.7±10.9 4.1±2.2 0.3±0.4 0.2±0.3 2.2±0.9 

D28 

Vehicle 
5♀ 59.7±6.4 35.6±6.4 2.7±0.8 1.8±1.6 0.2±0.1 1.1±0.2 

5♂ 53.1±18.6 43.0±17.1 2.9±1.3 0.7±0.5 0.3±0.1 1.3±0.4 

Low 
5♀ 71.3±6.3 24.5±6.8 2.5±0.4 1.5±1.1 0.2±0.1 4.1±0.9# 

5♂ 68.7±5.0 28.4±4.7 2.2±0.6 0.5±0.3 0.1±0.1# 2.5±0.7 

Medium 
5♀ 69.6±5.0 26.2±3.7 3.3±1.7 0.7±0.3 0.2±0.0 3.1±1.2# 

5♂ 70.5±14.8 26.2±13.1 2.8±1.7 0.4±0.3 0.1±0.0# 3.2±0.9 

High 
5♀ 72.9±13.5 23.7±13.5 2.7±1.5 0.5±0.5 0.2±0.1 2.9±0.6# 

4♂ 65.1±7.3 30.2±7.2 3.8±1.4 0.8±0.5 0.2±0.1 2.4±1.6 

D35 

Vehicle 
5♀ 42.7±8.7 50.2±7.2 4.3±1.5 2.6±2.7 0.2±0.1 1.1±0.1 

5♂ 37.4±16.2 57.2±15.5 4.2±2.3 1.0±0.4 0.2±0.1 1.4±0.5 

Low 
5♀ 63.9±4.5# 31.2±4.9# 3.4±0.9 1.2±1.2 0.1±0.1 4.2±1.3# 

5♂ 58.1±13.5 37.8±13.0 3.2±1.3 0.8±0.5 0.1±0.0# 2.9±0.5 

Medium 
5♀ 68.7±13.0# 25.9±8.9# 4.2±3.1 1.0±1.1 0.2±0.1 4.3±0.5# 

5♂ 70.5±11.9# 25.9±10.6# 3.0±1.3 0.5±0.4 0.1±0.0# 3.8±0.6# 

High 
5♀ 70.0±5.3# 26.4±6.2# 2.9±1.5 0.4±0.3 0.2±0.1 3.7±1.5# 

4♂ 53.0±19.4 40.8±18.4 4.9±1.9 1.1±1.1 0.1±0.1# 3.4±2.3 
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Day Group  
Neut Lymph Mono Eos Baso Retic 

MCHC 

PLT 

% % % % % %g/dL 

×109/ L 

D42 

(rD7) 

Vehicle 
2♀ 46.8±6.6 48.5±7.8 3.4±1.1 1.1±0.1 0.2±0.0 1.1±0.2 

2♂ 30.2±8.2 65.1±8.8 2.9±0.3 1.5±0.2 0.3±.0.0 1.7±0.5 

Low 
2♀ 64.9±8.1 30.9±7.0 1.8±0.4 2.4±0.8 0.2±0.0 2.4±0.9 

2♂ 51.7±1.4 53.2±0.9 4.0±1.8 1.1±0.4 0.1±0.1 2.4±0.2 

Medium 
2♀ 54.2±10.7 39.7±6.8 3.7±2.1 2.3±1.8 0.2±0.0 6.1±2.9 

2♂ 66.2±16.2 30.8±14.6 1.6±0.4 1.3±1.0 0.2±0.1 4.2±0.8 

High 
2♀ 65.9±2.3 29.3±5.2 4.0±2.5 0.7±0.5 0.2±0.0 2.8±0.3 

2♂ 40.6±23.7 52.2±25.7 5.2±2.9 2.0±0.8 0.2±0.1 2.6±0.4 

D49 

(rD14) 

Vehicle 
2♀ 54.4±10.6 41.1±11.2 3.5±0.6 0.8±0.1 0.3±0.1 0.8±0.4 

2♂ 35.0±1.2 60.6±0.1 3.2±1.1 1.1±0.2 0.3±0.1 1.3±0.4 

Low 
2♀ 64.2±4.1 31.6±3.7 2.4±0.5 1.8±0.2 0.2±0.1 1.3±0.1 

2♂ 63.5±2.0 33.1±3.0 2.6±0.8 0.6±0.3 0.3±0.1 1.1±0.1 

Medium 
2♀ 36.7±13.2 55.3±9.5 4.8±1.8 3.1±1.8 0.3±0.1 1.1±1.5 

2♂ 60.6±16.5 35.6±17.1 3.1±1.1 0.6±0.5 0.3±0.1 1.8±0.2 

High 
2♀ 49.0±6.3 46.7±7.8 3.1±0.8 1.0±1.0 0.3±0.1 0.9±0.1 

2♂ 39.7±34.6 55.2±36.6 3.9±2.3 1.1±0.2 0.3±0.2 4.2±4.3 

D63 

(rD28) 

Vehicle 
2♀ 43.1±3.4 52.2±1.9 4.0±1.1 0.7±0.4 0.2±0.0 1.0±0.1 

2♂ 54.1±11.2 42.9±10.1 2.4±0.7 0.4±0.5 0.3±0.1 1.2±0.1 

Low 
2♀ 55.8±3.2 39.5±2.1 2.9±0.0 1.6±1.0 0.2±0.0 0.4±0.1 

2♂ 59.1±10.3 36.2±9.8 4.0±0.4 0.7±0.8 0.2±0.1 0.5±0.1 

Medium 
2♀ 47.7±8.3 46.6±5.3 4.0±1.1 1.6±2.0 0.2±0.0 0.9±0.2 

2♂ 40.4±0.1 56.7±0.3 2.3±0.3 0.4±0.0 0.2±0.1 0.4±0.0 

High 
2♀ 38.3±31.7 57.6±33.2 2.9±1.1 1.0±0.6 0.3±0.2 0.7±0.3 

2♂ 17.5±1.3 76.7±2.7 3.1±0.9 2.4±3.0 0.3±0.0 0.8±0.7 
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Table 6-18 Coagulation indexes of monkeys treated with repeated administrations of 

PEGylated rhIL-11. 

(#: p ≤ 0.05) 

 

(Continued on the next page) 

Day Group n PT (sec) APTT (sec) Fib（g/l） TT (sec) 

D7 

Vehicle 
5♀ 9.6±0.2 18.2±2.4 1.98±0.28 27.8±1.2 

5♂ 9.7±0.3 15.7±1.2 1.72±0.33 27.2±0.7 

Low 
5♀ 9.2±0.4 21.0±1.4 5.33±0.08# 26.8±1.1 

5♂ 9.5±0.3 21.6±1.1# 5.40±0.20# 28.2±1.6 

Medium 
5♀ 9.0±0.4 23.2±2.9# 5.37±0.24# 27.6±2.0 

5♂ 8.7±0.3# 23.1±2.3# 5.46±0.28# 26.8±2.0 

High 
5♀ 9.2±0.5 23.5±1.6# 5.46±0.20# 27.8±2.1 

5♂ 9.3±0.5 23.1±3.1# 5.23±0.38# 23.2±10.7 

D14 

Vehicle 
5♀ 9.2±0.2 19.0±2.3 1.85±0.19 29.9±1.4 

5♂ 9.1±0.4 16.2±1.3 1.78±0.39 29.2±1.2 

Low 
5♀ 9.0±0.6 21.6±0.8 4.48±0.42# 28.3±1.1 

5♂ 8.9±0.2 21.5±1.9# 4.52±0.34# 30.0±1.5 

Medium 
5♀ 8.7±0.2 22.6±2.0 4.78±0.14# 28.6±1.7 

5♂ 8.8±0.4 23.1±2.3# 4.91±0.43# 28.2±2.4 

High 
5♀ 9.0±0.5 22.4±2.7 4.44±0.75# 28.9±3.1 

5♂ 9.5±1.4 23.7±5.0# 3.84±0.91 29.8±3.2 

D21 

Vehicle 
5♀ 9.1±0.4 19.0±1.9 1.81±0.20 28.9±2.0 

5♂ 9.1±0.5 15.7±1.4 1.76±0.36 28.4±1.1 

Low 
5♀ 8.9±0.5 21.0±1.1 4.62±0.29# 28.5±1.5 

5♂ 8.8±0.2 21.1±1.6 4.32±0.30 29.8±2.0 

Medium 
5♀ 8.8±0.1 22.1±2.0# 4.58±0.32# 28.4±1.5 

5♂ 8.7±0.5 23.2±2.2# 5.03±0.36# 27.9±2.4 

High 
5♀ 9.0±0.3 22.5±2.3# 4.00±1.14 28.8±1.4 

5♂ 9.8±1.8 24.2±7.2# 3.34±1.68 27.8±2.3 

D28 

Vehicle 
5♀ 8.9±0.3 18.1±2.3 1.98±0.25 30.0±1.7 

5♂ 8.8±0.2 15.8±1.1 1.85±0.28 29.4±0.8 

Low 
5♀ 8.7±0.5 20.3±0.9 4.64±0.28# 29.3±2.4 

5♂ 8.6±0.2 21.4±2.0# 4.43±0.22 30.6±2.7 

Medium 
5♀ 8.2±0.4 21.6±2.1# 4.60±0.70# 29.3±1.3 

5♂ 8.7±0.2 23.7±2.4# 4.94±0.29# 28.7±2.1 

High 
5♀ 8.6±0.3 21.6±2.5# 4.24±0.72 30.0±1.1 

4♂ 9.0±0.4 21.0±3.1# 4.02±1.34 29.8±1.5 

D35 

Vehicle 
5♀ 9.3±1.6 21.5±6.7 2.07±0.33 25.9±2.2 

5♂ 8.8±0.3 16.0±1.5 1.96±0.15 23.8±0.8 

Low 
5♀ 8.5±0.5 20.6±1.3 4.64±0.28# 24.3±1.5 

5♂ 8.2±0.2# 21.0±2.0# 4.71±0.29 24.5±1.8 

Medium 
5♀ 8.2±0.2 21.9±1.7 4.79±0.49# 25.0±1.2 

5♂ 8.4±0.4 24.4±2.7# 4.98±0.35# 24.2±1.9 

High 
5♀ 9.0±0.7 22.0±3.2 3.54±1.12 25.4±1.6 

4♂ 9.2±0.3 21.5±4.1# 3.93±1.32 25.4±2.0 
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 Based on hematological data, Day 35 was considered the day when the most 

profound pharmacologic effect occurred during the 9-week repeated-dose toxicity study 

after receiving 5 weekly administrations of PEGylated rhIL-11. Biochemical sera and 

urine analysis of samples collected on Day nearby 35 and the day before the end of study 

from all the studied monkeys except the dead male were summarized in Table 6-19~6-21. 

A marked elevation of ALP and a normal GGT (Figure 6-23) highly suggested bone 

toxicity, because IL-11 was also found to promote osteoclastogenesis.123 Such an activity 

is also observed in patients receiving other growth factors such as G-CSF, which causes 

severe bone pain. Comparable TP and reduced ALB might indicate an elevation of 

globulins, suggesting a possible inflammation or plasma expansion with dilution (Figure 

6-24). Liver function indicators were found to be normal including TBIL, ALT and AST, 

which were slightly lower than the control group, but still remained in normal ranges for 

monkeys (Figure 6-25). A mild reduction of CREA and CK were likely the consequences 

of body weight loss and lack of physical activity. A combination of a normal BUN and a 

slight reduction of CREA was indicative of normal kidney (Figure 6-25). Although CHO 

was not altered upon receiving PEGylated rhIL-11, a tendency of escalated TG was 

reported (Figure 6-26), possibly caused by IL-11 suppressing adipogenesis in the bone 

marrow (Table 1-3). A slight decrease in calcium ions and an increase in potassium ions 

Day Group n PT (sec) APTT (sec) Fib（g/l） TT (sec) 

D63 

(rD28) 

Vehicle 
2♀ 9.5±0.1 18.8±0.4 1.79±0.36 28.3±0.2 

2♂ 9.8±0.3 18.9±2.5 1.55±0.30 28.9±1.2 

Low 
2♀ 9.9±0.4 19.1±1.1 1.83±0.35 27.2±1.3 

2♂ 9.1±0.1 18.2±0.4 2.10±0.18 36.5±0.2 

Medium 
2♀ 9.8±0.2 19.1±0.4 1.55±0.03 28.0±1.2 

2♂ 9.7±0.1 21.4±4.0 1.63±0.16 26.3±0.6 

High 
2♀ 9.9±0.7 19.6±1.9 1.54±0.28 28.2±0.9 

2♂ 9.8±0.7 21.6±0.4 1.68±0.01 29.8±1.3 



Modification of Recombinant Human Interleukin-11 to Enhance Pharmacologic Properties and Therapeutic Potential 

 

275 

were also noted after receiving the drug on day 35 (Figure 6-26), however both levels 

were maintained in normal ranges.124 All these mild to moderate changes on hematology, 

serum biochemistry and urinalysis were returned to baseline level during recovery phase 

(Table 6-19~6-21). Dose-independent changes of the high dosing group perhaps were due 

to reversion of pharmacologic and off-target effects in some monkeys that developed 

antibodies against PEGylated rhIL-11. 

  

Figure 6-23 Elevated ALP and normal GGT of monkeys on Day 35, after receiving 

repeated administrations of PEGylated rhIL-11. 

 

  

Figure 6-24 Normal TP and reduced ALB of monkeys on Day 35, after receiving 

repeated administrations of PEGylated rhIL-11. 
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Figure 6-25 Decreases on serum biochemical indexes of monkeys on Day 35, after 

receiving repeated administrations of PEGylated rhIL-11. 
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Figure 6-26 Selected serum biochemical indexes in monkeys on Day 35, after 

receiving repeated administrations of PEGylated rjIL-11. 
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Table 6-19 Clinical biochemical parameters of monkeys during recovery period after 

receiving repeated administration of PEGylated rhIL-11 (Part I). 

 

(#: p ≤ 0.05) 

 

 

  

Day Group n 
AST ALT TBIL ALP UREA CRE GLU 

U/L U/L µmol/L U/L mmol/L µmol/L mmol/L 

D35 

Vehicle 
5♀ 53.8±10.2 70.39±20.10 2.4±1.0 252.71±56.46 5.90±0.73 72.9±12.9 3.08±0.58 

5♂ 56.6±11.3 66.43±13.76 2.7±1.4 450.88±156.26 7.81±1.82 67.9±9.4 3.52±0.46 

Low 
5♀ 45.0±10.8 40.48±9.39# 1.3±0.2 1647.26±605.80 6.99±0.70 62.8±8.0 2.55±0.35 

5♂ 37.6±10.4# 36.24±8.06 1.3±0.6 2615.74±1711.14# 6.34±1.52 64.7±13.5 2.49±0.73# 

Medium 
5♀ 40.8±12.4 35.48±13.18# 1.6±0.9 3278.68±2285.67# 6.91±1.55 58.6±7.9 2.39±0.83 

5♂ 33.3±6.3# 20.04±1.99# 1.4±0.6 1975.82±716.203# 7.76±1.64 53.7±4.0 1.98±0.94# 

High 
5♀ 36.7±7.4 25.55±6.61# 1.5±0.9 1707.00±1171.94 6.14±1.03 53.4±5.8# 1.92±0.65 

4♂ 32.3±5.2# 31.40±3.55 1.7±1.4 887.55±586.35 7.34±3.41 52.9±4.8 2.67±0.72 

D62 

(rD27) 

Vehicle 
2♀ 49.1±6.5 64.08±28.58 4.9±0.7 193.73±82.09 6.13±0.87 68.7±2.8 2.68±1.05 

2♂ 64.6±27.1 70.02±20.89 4.6±1.2 492.41±277.65 7.43±2.34 60.8±4.8 3.31±0.35 

Low 
2♀ 49.6±18.7 65.13±26.32 3.4±0.1 382.43±158.85 6.22±1.81 52.6±9.1 3.19±0.55 

2♂ 72.2±28.7 111.34±58.19 5.2±1.3 491.24±157.46 9.52±2.72 63.3±15.7 2.17±0.18 

Medium 
2♀ 39.9±6.8 55.49±26.30 4.9±1.9 541.50±88.23 6.46±0.93 59.2±0.2 3.38±0.52 

2♂ 73.8±45.5 86.92±49.94 7.6±0.8 411.65±53.51 7.46±2.35 56.0±9.8 2.64±0.37 

High 
2♀ 36.2±15.3 45.35±10.50 5.3±0.7 403.47±42.67 7.01±1.38 55.9±3.2 2.74±1.50 

2♂ 37.2±13.2 54.88±12.71 4.4±2.6 884.43±128.52 7.78±0.69 54.3±7.8 2.72±0.06 

Day Group n 
TP ALB CHO TG CK GGT LDH 

g/L g/L mmol/L mmol/L U/L U/L U/L 

D35 

Vehicle 
5♀ 76.09±5.19 46.95±3.78 3.07±0.21 0.48±0.13 522.17±431.49 68.32±17.23 642±271 

5♂ 83.08±5.83 51.76±2.83 3.55±0.66 0.49±0.27 353.06±207.20 60.30±21.24 564±195 

Low 
5♀ 73.99±4.20 35.94±2.17# 3.31±0.67 0.76±0.21 147.86±68.60 72.83±45.83 1155±465 

5♂ 73.72±2.13# 36.65±1.84# 3.33±1.12 0.90±0.22 170.32±87.27 77.85±36.47 894±398 

Medium 
5♀ 71.53±3.12 33.16±1.42# 4.64±1.27 1.33±0.68# 136.62±44.42 85.47±72.13 1139±401 

5♂ 70.47±4.28# 32.55±2.78# 3.42±0.97 0.77±0.16 108.69±55.83# 54.10±23.88 967±303 

High 
5♀ 70.02±2.12 34.24±4.94# 3.71±0.80 1.25±0.52# 167.17±88.57 60.08±28.22 1117±378 

4♂ 72.98±5.29# 35.54±6.85# 4.04±0.82 1.24±0.88 150.81±109.90 57.17±9.52 596±325 

D62 

(rD27) 

Vehicle 
2♀ 77.69±7.89 45.61±4.47 3.00±0.23 0.41±0.04 320.83±159.55 60.01±17.87 572.±85 

2♂ 82.84±0.97 50.32±3.26 3.28±0.59 0.31±0.08 221.22±80.14 77.17±21.64 489±135 

Low 
2♀ 69.77±1.36 42.22±0.83 2.98±0.69 0.26±0.04 258.88±64.59 54.68±24.06 641±322 

2♂ 80.84±0.16 48.45±2.97 4.16±0.16 0.59±0.27 239.04±44.82 67.75±23.99 540±127 

Medium 
2♀ 76.72±6.97 46.44±0.89 2.89±0.25 0.51±0.21 237.12±36.56 51.11±6.60 424±112 

2♂ 78.13±3.05 50.66±3.79 3.24±0.50 0.47±0.16 362.21±175.52 58.96±26.38 633±69 

High 
2♀ 75.96±1.95 46.15±1.11 3.89±0.18 0.35±0.08 241.59±163.71 51.99±17.30 653±224 

2♂ 75.42±1.62 43.55±6.70 4.56±0.91 0.35±0.31 153.19±10.15 62.37±10.71 312±17 
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Table 6-20 Clinical biochemical parameters of monkeys during recovery period after 

receiving repeated administration of PEGylated rhIL-11 (Part II). 

 

 

(#: p ≤ 0.05) 

 

  

Day Group n Calcium Phosphate Sodium Potassium Chloride 

mmol/L mmol/L mmol/L mmol/L mmol/L 

D35 

Vehicle 5♀ 2.56±0.08 1.47±0.15 150.6±3.1 4.52±0.73 106.9±2.0 

5♂ 2.58±0.07 1.55±0.21 151.0±1.8 4.46±0.15 107.0±2.0 

Low 
5♀ 2.30±0.08# 1.66±0.25 147.0±0.7 4.85±0.13 104.3±1.1 

5♂ 2.31±0.08# 1.62±0.21 147.8±1.5 4.56±0.35 104.9±1.6 

Medium 
5♀ 2.37±0.16 1.96±0.21# 149.2±5.0 5.76±0.85 106.7±3.8 

5♂ 2.27±0.02# 1.89±0.29 144.8±0.7# 5.34±0.48 102.9±1.3 

High 
5♀ 2.30±0.15# 1.69±0.28 147.3±1.4 5.31±0.96 105.7±3.0 

4♂ 2.32±0.12# 1.70±0.25 147.6±4.3 5.00±0.99 106.4±6.1 

D62 

(rD27) 

Vehicle 2♀ 2.41±0.04 1.62±0.11 150.2±0.7 4.41±0.59 107.7±0.7 

2♂ 2.42±0.01 1.40±0.18 147.3±0.5 4.13±0.69 106.7±3.4 

Low 
2♀ 2.39±0.14 1.36±0.21 146.9±1.3 3.90±0.13 107.7±0.4 

2♂ 2.39±0.04 1.56±0.18 150.4±2.1 3.93±0.14 107.5±0.4 

Medium 
2♀ 2.44±0.02 1.72±0.33 150.2±7.1 4.95±0.59 109.4±2.4 

2♂ 2.46±0.00 2.02±0.16 146.8±0.6 4.08±0.12 104.5±1.6 

High 
2♀ 2.36±0.14 1.79±0.08 148.3±1.7 4.20±0.41 106.9±0.3 

2♂ 2.42±0.06 1.94±0.04 147.7±0.4 4.25±1.00 105.1±1.6 
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Table 6-21  Urinalysis of monkeys during recovery period after receiving repeated 

administration of PEGylated rhIL-11. 

 

  

 

  

Day Group n 
GLU BIL KET SG pH 

mg/dL mg/d mg/dL g/mL - 

D34 

Vehicle 
5♀ 1.0±0.0 1.2±0.4 1.2±0.4 1.017±0.010 8.4±0.5 

5♂ 1.0±0.0 1.2±0.4 1.2±0.4 1.010±0.011 8.3±0.4 

Low 
5♀ 1.2±0.4 1.0±0.0 1.0±0.0 1.016±0.007 7.8±0.6 

5♂ 1.0±0.0 1.0±0.0 1.0±0.0 1.016±0.009 8.0±0.6 

Medium 
5♀ 1.0±0.0 1.0±0.0 1.0±0.0 1.009±0.004 8.2±0.4 

5♂ 1.0±0.0 1.0±0.0 1.0±0.0 1.011±0.004 8.0±0.5 

High 
5♀ 1.0±0.0 1.0±0.0 1.0±0.0 1.019±0.007 7.8±1.0 

4♂ 1.0±0.0 1.0±0.0 1.2±0.5 1.012±0.006 7.9±0.2 

D62 

(rD27) 

Vehicle 
2♀ 1.0±0.0 1.5±0.7 1.0±0.0 1.020±0.007 8.0±0.0 

2♂ 1.0±0.0 1.0±0.0 1.0±0.0 1.008±0.004 8.5±0.0 

Low 
2♀ 1.0±0.0 1.0±0.0 1.0±0.0 1.028±0.004 8.5±0.7 

2♂ 1.0±0.0 1.0±0.0 1.0±0.0 1.023±0.004 8.0±0.0 

Medium 
2♀ 1.0±0.0 1.0±0.0 1.0±0.0 1.025±0.007 7.8±0.4 

2♂ 1.0±0.0 1.0±0.0 1.0±0.0 1.023±0.004 7.5±1.4 

High 
2♀ 1.0±0.0 1.0±0.0 1.0±0.0 1.018±0.004 8.5±0.7 

2♂ 1.0±0.0 1.0±0.0 1.0±0.0 1.015±0.000 8.0±0.0 

Day Group n 
PRO URO NIT OB WBC 

mg/dL Ehrlich unit cfu/mL /hpf /hpf 

D34 

Vehicle 
5♀ 3.2±1.6 0.3±0.4 1.4±0.5 1.4±0.9 2.0±0.7 

5♂ 2.0±1.7 0.1±0.0 1.8±0.4 2.6±1.5 1.4±0.9 

Low 
5♀ 1.6±0.9 0.1±0.0 1.4±0.5 2.4±1.3 2.2±0.8 

5♂ 1.2±0.4 0.1±0.0 1.8±0.4 3.2±1.1 1.8±1.3 

Medium 
5♀ 1.4±0.9 0.6±0.5 1.4±0.5 3.8±1.6 1.2±0.4 

5♂ 1.0±0.0 0.1±0.0 1.4±0.5 3.2±1.3 1.8±1.8 

High 
5♀ 2.2±1.1 0.1±0.0 1.6±0.5 2.6±1.5 1.2±0.4 

4♂ 1.5±1.0 0.3±0.4 1.5±0.6 2.2±1.5 2.2±1.5 

D62 

(rD27) 

Vehicle 
2♀ 1.0±0.0 0.1±0 1.5±0.7 4.5±0.7 1.0±0.0 

2♂ 1.0±0.0 0.1±0 1.5±0.7 2.5±2.1 1.5±0.7 

Low 
2♀ 2.0±1.4 0.1±0 2.0±0.0 3.0±0.0 1.5±0.7 

2♂ 1.0±0.0 0.1±0 2.0±0.0 1.0±0.0 1.0±0.0 

Medium 
2♀ 1.0±0.0 0.1±0 2.0±0.0 3.0±0.0 3.0±2.8 

2♂ 1.0±0.0 0.1±0 1.5±0.7 2.0±1.4 1.0±0.0 

High 
2♀ 2.0±1.4 0.1±0 1.5±0.7 3.0±2.8 2.0±0.0 

2♂ 1.5±0.7 0.1±0 1.5±0.7 2.0±1.4 1.0±0.0 
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Immunoglobulins were found normal, however elevated complement component of 

C3 and C4 were noted on Day 14 and Day 28 upon multiple dosing (Table 6-22), which 

returned to normal after recovery phase. On the other hand, immunogenotyping of 

lymphocyte subsets, including T lymphocytes CD3+, CD4+, and CD8+, and B lymphocyte 

CD20+, on Day 35 and on the last day of recovery (rD28) were not statistically distinct 

from the negative control group (vehicle) upon treatment of three dosing levels (data not 

shown). 

 

Table 6-22  Immunological parameters of monkeys treated with repeated 

administration of PEGylated rhIL-11. 

(#: p ≤ 0.05) 

 

  

Day Group n 
IgA 

（g/L） 

IgG 

（g/L） 

IgM 

（g/L） 

C3 

（g/L） 

C4 

（g/L） 
g/L 

（g/L） 

g/L 

（g/L） 

g/L 

（g/L） 

g/L 

（g/L） 

g/L 

（g/L） 

D14 

Vehicle 
5♀ 1.91±1.38 11.67±2.95 1.53±0.49 0.91±0.08 0.17±0.03 

5♂ 2.01±0.59 14.37±4.90 0.88±0.26 1.02±0.08 0.15±0.03 

Low 
5♀ 1.60±0.50 11.98±1.01 1.04±0.24 2.14±0.34# 0.44±0.16# 

5♂ 0.81±0.28# 14.70±3.01 0.99±0.28 2.44±0.34# 0.54±0.16# 

Medium 
5♀ 1.28±0.64 11.85±2.31 1.06±0.22 2.43±0.18# 0.42±0.11# 

5♂ 1.48±0.69 12.84±2.44 0.76±0.27 2.21±0.19 0.47±0.09# 

High 
5♀ 1.08±0.43 12.68±1.78 0.91±0.26# 2.30±0.41# 0.41±0.09# 

5♂ 2.31±0.97 13.45±2.74 0.82±0.20 1.93±0.56 0.29±0.10 

D28 

Vehicle 
5♀ 1.98±1.33 11.36±2.71 1.53±0.47 0.93±0.08 0.19±0.06 

5♂ 2.06±0.63 13.96±4.75 0.84±0.21 1.02±0.10 0.14±0.02 

Low 
5♀ 1.86±0.48 13.57±2.05 1.00±0.29# 2.22±0.38# 0.48±0.18# 

5♂ 0.88±0.33# 14.21±2.15 0.94±0.30 2.37±0.24# 0.60±0.16# 

Medium 
5♀ 1.47±0.69 13.72±3.16 1.01±0.22 2.69±0.21# 0.51±0.13# 

5♂ 1.80±0.74 13.94±2.21 0.75±0.25 2.26±0.31 0.52±0.10# 

High 
5♀ 1.34±0.56 13.71±1.56 0.89±0.24# 2.23±0.39# 0.42±0.12# 

4♂ 2.58±1.05 13.30±2.47 0.81±0.09 2.17±0.84 0.34±0.14 

D62 

(rD27) 

Vehicle 
2♀ 2.76±1.00 12.63±1.79 0.94±0.30 0.84±0.01 0.15±0.11 

2♂ 1.40±0.31 17.11±2.75 0.79±0.08 0.96±0.04 0.14±0.01 

Low 
2♀ 1.86±0.22 10.02±1.11 0.97±0.12 0.82±0.03 0.16±0.02 

2♂ 1.18±0.54 13.50±2.52 1.04±0.20 1.20±0.04 0.22±0.04 

Medium 
2♀ 0.90±0.26 14.34±4.10 0.93±0.08 1.03±0.28 0.19±0.02 

2♂ 1.98±0.20 10.71±0.02 1.05±0.53 0.97±0.02 0.24±0.07 

High 
2♀ 1.26±0.05 13.50±4.71 0.95±0.20 0.93±0.24 0.17±0.04 

2♂ 1.90±1.19 12.86±2.72 1.15±0.14 1.17±0.23 0.20±0.07 
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Three male and three female monkeys in each group were sacrificed on Day 35 for 

calculation of relative organ weight (Figure 6-27 & Table 6-23). Enlarged heart, liver, and 

kidney were noted upon receiving multiple dose of PEGylated rhIL-11, in which heart 

enlargement was the most profound statistically. Such a symptom might be attributed to 

the fluid retention, that worsened cardiac functions as the dead monkey implied. Spleen 

was found normal after receiving multiple dose of PEGylated rhIL-11, whereas a slight 

shrinkage of thymus was found statistically insignificant. Relative weights of brain, 

adrenal, and testis were not statistically distinct from those of the saline control group 

either. Enlarged epididymis of male monkeys and reduced ovarian of female monkeys 

were also noted but they were not significantly deviated from the control group. 

Combining histopathological evaluations, developmental and reproductive toxicities will 

be reported elsewhere.  
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Figure 6-27 Relative organ weights of monkeys on Day 35 after receiving repeated 

administration of PEGylated rhIL-11. 
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Table 6-23  Relative organ weight of monkeys during recovery period after receiving 

repeated administration of PEGylated rhIL-11. 

Day Group n Brain % Thymus % Heart % Liver % Spleen % Thyroid % 

D35 

Vehicle 

Low 

6 

6 

2.410±0.187 

2.070±0.245 

0.064±0.066 0.334±0.016 1.872±0.248 0.125±0.043 0.009±0.003 

0.042±0.012 0.412±0.028# 2.763±0.129 0.146±0.039 0.007±0.004 

Medium 

High 

6 

5 

2.156±0.281 0.036±0.017 0.419±0.029# 3.208±0.291# 0.156±0.031 0.008±0.004 

2.214±0.202 0.032±0.028 0.403±0.041# 2.931±0.822 0.129±0.031 0.008±0.001 

rD28 

Vehicle 

Low 

4 

4 

2.244±0.250 

2.253±0.174 

0.068±0.028 0.387±0.053 1.991±0.312 0.119±0.039 0.010±0.001 

0.045±0.013 0.439±0.035 2.228±0.362 0.093±0.027 0.007±0.001 

Medium 

High 

4 

4 

2.244±0.393 0.044±0.020 0.465±0.028 2.267±0.163 0.102±0.018 0.010±0.006 

2.275±0.233 0.064±0.054 0.422±0.062 2.407±0.136 0.130±0.047 0.008±0.003 

 

Day Group n Kidney % Adrenal % Testis % Epididymis % Ovarian % Uterus % 

D35 

Vehicle 

Low 

6 

6 

0.364±0.087 

0.424±0.042 

0.017±0.001 0.059±0.016 0.031±0.006 0.020±0.014 0.288±0.035 

0.016±0.002 0.057±0.009 0.042±0.010 0.010±0.004 0.322±0.135 

Medium 

High 

6 

5 

0.478±0.031 0.019±0.005 0.049±0.010 0.042±0.009 0.007±0.002 0.289±0.155 

0.500±0.043# 0.020±0.005 0.061±0.035 0.047±0.016 0.009±0.005 0.198±0.031 

rD28 

Vehicle 

Low 

4 

4 

0.357±0.044 

0.413±0.028 

0.017±0.003 0.079±0.003 0.031±0.007 0.008±0.002 0.226±0.026 

0.022±0.003 0.067±0.024 0.031±0.013 0.010±0.000 0.308±0.019 

Medium 

High 

4 

4 

0.413±0.052 0.018±0.003 0.092±0.097 0.039±0.017 0.013±0.004 0.202±0.053 

0.396±0.063 0.020±0.002 0.055±0.027 0.037±0.011 0.012±0.010 0.237±0.088 

(#: p ≤ 0.05) 
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6.4 CONCLUSIONS AND DISCUSSION 

As a step towards clinical development, the present study of preclinical investigation 

was to evaluate the thrombopoietic effects, pharmacokinetics, and toxicity in response to 

aggravated doses of the monopegylated rhIL-11 through acute and chronic 

administrations. Sprague-Dawley rats and cynomolgus monkeys receiving escalating 

doses of PEGylated rhIL-11 produced significant dose-related increase in their peripheral 

platelet counts. Drug treatment in myelosuppressed rats induced by carboplatin, also 

implied that the drug was effective in preventing severe thrombocytopenia. Since 

monkeys are more relevant to human and are more sensitive to the drug than rats, the 

pharmacodynamics of monkeys may represent a future clinical effect in human. The peak 

of platelet count in healthy monkeys receiving a single low dose at 0.1 mg/kg arrived 

during Day 10~14, achieving 100~120% circulating platelets above baseline. A saturated 

thrombopoietic response might be achieved by weekly dose at 0.3 mg/kg in healthy 

monkeys, yielding a platelet count of about 2,200 x109/L, which was about 410% above 

baseline. 

Such enhanced pharmacological effects were resulted from a prolonged exposure to 

the drug, as the elimination half-life of the drug was 11.5 and 67 hours for rats and 

monkeys respectively. A half-life in human upon receiving the investigational drug was 

believed to be equal or longer than monkeys’, making biweekly or monthly clinical 

regimen possible. The bioavailability of the drug after a single SC dose was 30~40% for 

rats and monkeys. After a single SC delivery, the maximal concentration was achieved 

during 35~46 hours post-dose in monkeys, sustaining the mean residence time of about 

60~75 hours. The relative volume of distribution was 160 mL/kg, suggesting that the drug 

was largely confined in the circulation blood. In additional to renal clearance at a slow 

rate, targeted-mediated disposition might also account for removal of PEGylated rhIL-11 
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from the circulation. Receptors on progenitor cells once binding the modified rhIL-11, 

activated internalization of the drug-receptor complex, following intracellular 

degradation. The toxicokinetics study substantiated a direct correlation between the 

systemic exposure (AUC) and the dosing level, suggesting that enhanced pharmacologic 

effects and associated toxicity were both related to the prolonged exposure. 

Immunogenicity was found in rats after multiple administration as expected. Cynomolgus 

monkeys however, only 2 out of 9 monkeys exposing to a high dosage (0.9 mg/kg) 

developed antibodies against the drug after the 3rd weekly injection. The nature and 

quantity of the antibody requires further investigation.  

In the present toxicity studies, the addition of PEG moiety on rhIL-11 did not elicit 

additional toxicities in animals (Table 6-1). Neither did it cause marked changes of off-

target toxicity in the rhIL-11 profile, although more information from histopathological 

examination shall be addressed further. The investigational drug in general, was found to 

be well tolerable at the effective dose, that is 0.3 mg/kg and 0.1 mg/kg for rats and 

monkeys respectively. In the acute toxicity study of a single overdose at 15 mg/kg and 

6.25 mg/kg for rats and monkeys respectively, both developed transient and fully 

reversible adverse events, including hypoactivity, body weight loss and soft/watery stool. 

The single overdose in monkeys in particular, resulted in exaggerated pharmacologic 

effects, including platelet production, and decreased hematocrit. Escalated ALP might be 

suggestive of bone toxicity, because rhIL-11 also involves in a non-hematopoietic role of 

osteoclastogenesis. This finding suggested a possible clinical symptom of bone pain, as 

it also was reported in some patients receiving Neumega (rhIL-11). 

The study of multiple doses on a weekly basis for continuous four weeks in rats at 

0.3, 0.9 and 2.7 mg/kg, and monkeys at 0.1, 0.3 and 0.9 mg/kg respectively showed 

similar findings of mild/moderate and reversible indexes as those in the acute toxicity 
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study. Spleens and kidneys were two organs mostly affected following repeated 

administrations in rats. Since monkeys are more relevant and more sensitive to the drug 

than rats, the repeated-dose toxicity was addressed particularly in that species. In general, 

after repeated administration of the drug, the toxicity was found to range from mild to 

moderate in monkeys based on body weight change over a dosing level up to 0.3 mg/kg 

of weekly delivery. The elevated reticulocytes suggested no inhibitory to erythropoiesis 

and thus, the anemia was primarily resulted from an expanded plasma volume. A multiple 

dose higher than 0.3 mg/kg may very likely develop antibodies against the drug, although 

the amount and the potential of neutralizing IL-11 requires further investigation. Repeated 

administration of the drug appeared to enhance activities of osteoclast and inflammation. 

Although acute phase reactants suggested by escalated complement components and 

fibrinogen, which are often associated with a response to infection, injury or trauma, 

monkeys receiving the drug showed no clinical signs of injury, infection, or fever. Nor 

was thromboembolic event. This finding offers an advantage over other platelet 

production drugs, such as thrombopoietin and thrombopoietin receptor agonist, which are 

known to present a risk of thromboembolism at a low occurrence. Bone was found to be 

directly affected by receiving the drug, while toxicities of heart, liver, kidney and lung 

were derived from fluid retention. No overt variation of sexual organ sizes in monkeys 

was noted, in which the toxicity of reproduction will be reported elsewhere. Adverse 

effects were only dominant after receiving repeated whilst high doses, which will not be 

relevant to the intended clinical regimen. Based on the pharmacology and toxicology data 

aforementioned, a single dose at 0.1~0.3 mg/kg via SC route was able to achieve a 

satisfactory thrombopoietic response with tolerable adverse events in monkeys. The no-

observed-adverse-effect level (NOAEL) of the drug via weekly delivery in monkeys was 

therefore defined at 0.1 mg/kg.  
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The cause of death of the only monkey that died after receiving repeated high dosage 

at 0.9 mg/kg was likely attributed to focal necrosis of hepatic and cardiac cells, which 

both were related to fluid retention. Congestive heart failure, resulted from fluid retention, 

further worsened pulmonary edema, causing dyspnea, owing to accumulated blood in 

lungs. Same to Neumega (rhIL-11), more attention shall be paid to such a medical 

condition in future clinical trials. 

The investigational drug is designed to prevent chemotherapy-induced 

thrombocytopenia by elevating a nadir of platelet level of a cancer patient, arriving in a 

week or two, who receives chemotherapy. Combined with non-clinical information of 

pharmacokinetics and pharmacodynamics, such an effective dose for monkeys at 0.1 

mg/kg can be allometrically scaled to a single delivery of 2 mg (0.03 mg/kg x 70 kg = 2.1 

mg, assuming allometric dose of 0.03 mg/kg and a human’s body weight of 70 kg) for 

future clinical use after each chemotherapy regimen. In the following clinical phase I trial, 

the objectives are to look for a maximal tolerated dose, and to evaluate adverse events 

associated with fluid retention. Compared to the currently available Neumega (rhIL-11), 

it is anticipated that a single administration of the investigational drug may effectively 

prevent a need of platelet transfusion while ameliorate adverse events associated with 

plasma expansion. 
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7 Chapter 7  Conclusions and 

Suggestions for Future Studies 

 

7.1 CONCLUSIONS AND DISCUSSION 

Chemotherapy or irradiation therapy intentionally applied to treat malignancies 

essentially impairs tumor cells as well as bone marrow functions. A hasty recovery of 

hematopoietic function is essential and pivotal for eligibility of next cycle treatment 

regimen, otherwise tumor cells may undergo drug-resistant transformation during 

metastasis, leaving patient little options of treatment. Platelet transfusion for patients with 

CIT, although is effective and free from viral diseases if under stringent scrutiny, 

clinically is often accompanied with fever and allergic reaction, or even worse in some 

rare cases, septic complications, acute lung injury and severe anaphylactic reactions if 

administered repeatedly.125 Meanwhile treatment of CIT is costly as a recent 

pharmacoeconomic analysis in the United States indicated that direct incremental cost 

was over US$ 3,000 and US$ 2,366 for platelet transfusion and oprelvekin (rhIL-11) 

treatment respectively in an event of thrombocytopenia.126 The actual figure could be at 

least 3-times larger if multiple cycles of chemotherapy and indirect variable costs are 

taken into consideration. Thus a cost-effective medical product with less frequent 

administration, and alleviated side-effects is imperative to fulfill the medical need. 

Due to a narrow therapeutic index and associated adverse event of daily oprelvekin 

treatment, many pharmaceutical investigations were attempted to develop a new 

hematopoietic growth factor other than IL-11 for regulating megakaryocytopoiesis and 

platelet production. TPO and PEG-MGDF are two examples of the clinical trials that have 

been discontinued due to occurrence of life-threatening neutralizing antibodies. Other 

developments of modified rhIL-11 seem to be all halted in preclinical phase probably due 
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to complexity in production and repeated administrations that provide no additional 

benefit to patients compared to current practice of treating CIT. Therefore direct 

modification of the regulatory approved rhIL-11 may not only reduce concerns over 

safety issues, such as immunogenicity in particular, in humans but also expedite 

regulatory approval pathway. The monopegylated rhIL-11 conjugated with a single 40-

KD branched polyethylene glycol polymer predominantly onto N-terminal amine was 

selected as the lead drug, which was subjected to a thorough preclinical investigations 

aimed for treating primarily chemotherapy-induced thrombocytopenia and other relevant 

medical indications. In animal studies of carboplatin-treated rats, the investigational drug 

exhibited a distinct effectiveness in recovering platelet number with just a single 

subcutaneous administration while ameliorating a side-effect of plasma expansion. 

Combined with a terminal half-life of 67 hours in non-human primates, such a remarkable 

finding suggested that a single administration might suffice in each chemotherapy cycle. 

Animals receiving PEGylated rhIL-11showed effective stimulation of platelet production 

while presented platelet-dependent plasma expansion, and hyperkalemia. Unexpectedly, 

the administration of PEGylated rhIL-11 also induced dose-dependent production of 

white blood cells in rats that was not observed in repeated administration of unconjugated 

IL-11. Neutrophils and megakaryocytes share common myeloid progenitors (Figure 1-2). 

Alone or with other cytokines, IL-11 acts on proliferation and differentiation of early 

common myeloid progenitor cells, that give rise to granulocyte-macrophage progenitor 

and megakaryocyte erythroid progenitor cells, individually induced by their respective 

growth factors. Perhaps a constant exposure of the PEGylated rhIL-11 simultaneously 

induced production of neutrophils although the rate and strength was inferior to G-CSF. 

Because chemotherapy patients also often experience other myelosuppression syndromes 

such as neutropenia, a combination therapy of G-CSF and IL-11, both prolonged versions, 
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perhaps is beneficial to enhance myelopoiesis and megakaryopoiesis for patients 

undertaking chemotherapy regimen.  

In addition to treating thrombocytopenia, rhIL-11 is also believed beneficial to 

victims with severe burn complicated by severe pancytopenia and gastrointestinal 

mucosal damage.127 Collaborated with Prof. Wu Junn, an animal study employing over 

320 severely burnt mice was carried out in the Burn Institute, Southwest Hospital 

Chongqing, China to investigate the mechanism of the lead drug rescuing burnt animals. 

Preliminary results suggested a remarkable enhancement of survival rate from 25% of the 

untreated to 50% of a single administration of PEGylated rhIL-11 (private 

communication). The survival rate was further increased to 75% with a single 

administration of the lead drug in combination with PEGylated G-CSF. The study of 

mechanism is still being undertaken. Similarly, rhIL-11 treatment was also found 

clinically effective in treating diseases associated with gastrointestinal mucosal damage 

such as Crohn’s disease,128 however such a clinical development, weekly subcutaneous 

administration of oprelvekin, was halted probably because of inferior efficacy while more 

adverse events than current prednisolone treatment.129 Thus, the long-lasting PEGylated 

rhIL-11 might deserve another try in preventing the disease, particularly there is no cure 

for the disease and the effectiveness of current medicines (corticosteroids, antibiotics, 

immunosuppressors) are not satisfactory. 

As a step towards clinical study, the lead drug was manufactured and characterized 

physicochemically in support of preclinical investigations. The process of producing the 

investigational agent was performed in gram scale. Three lots of the drug product 

produced with the one-step conjugation and one-step purification process at a batch-size 

of 1.5-g rhIL-11, have been obtained in a GMP-compliant facility in China. The drug 

product was N-terminally PEGylated rhIL-11 at 2 mg/mL having a molecular weight of 
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approximately 60 KD and was formulated in a liquid solution of 10 mM sodium 

phosphate pH 7 buffer in the presence of 0.3 M glycine. With consistent identity, strength, 

purity and sterility among the three lots, the drug product contained mono-PEGylated 

rhIL-11 at a purity over 95% carrying about 10~14% residual bioactivity relative to the 

un-conjugated counterpart. A loss in bioactivity due to steric hindrance of PEG moiety is 

a trade-off for a prolonged serum half-life that is translated into less frequent 

administrations and less off-target effects. Such a material was primarily investigated on 

product stability and animal studies of pharmacology and toxicology. The investigational 

agent has been defined biologically and physicochemically, substantiating a single 40-

KD branched PEG chain conjugating onto N-terminal amine at 81~86% occupancy while 

the rest onto another lysyl amine possibly Lys-174. The addition of PEG moiety does not 

alter the secondary structure of 4-helical bundle. The amino acid sequence integrity of 

rhIL-11 was confirmed by N-terminal sequencing, amino acid composition and tryptic 

maps. The drug product was found stable under cold condition. A possible degradation 

pathway via deamidation at Asp-49 and/or Gln-67 in a slow manner was most likely to 

happen, as predicted by the accelerated stability test. Methionine oxidation however was 

not observed even under accelerated aging condition probably due to a lack of oxygen 

under storage. 

The secreted rhIL-11, isolated from yeast medium has a shorter amino acid sequence 

than the native human IL-11 in length by one proline residue in the initial N-terminus and 

an uncompromised specific activity of 8 million IU/mg protein. A yeast clone and a 

downstream purification process have been successfully created and developed for 

producing rhIL-11. Recombinant human IL-11 was secreted to extracellular culture 

medium and was isolated by a two-step chromatographic purification after a refolding 

process using guanidine hydrochloride as a denaturant. Such a novel process is superior 
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to the present commercially available rhIL-11 that is either yeast- or bacterial-derived 

rhIL-11s by overcoming obstacles of low recovery from yeast medium and the need of 

additional enterokinase for fused IL-11 in bacterial expression system, as well as a 

necessity of unamiable and toxic process employing plenty of organic solvent. To 

accelerate development timeline towards regulatory approval with least developmental 

risk, the lead drug was subjected to preclinical investigation using the starting material of 

rhIL-11 provided by a Chinese FDA-approved rhIL-11. Meanwhile the newly developed 

process for producing rhIL-11 will be applied to other pharmaceutical jurisdictions with 

collaborating partners. 

It is anticipated that the covalent addition of PEG moiety directly prolongs plasma 

half-life thus reducing administration frequency as well as associated side effects. 

Moreover, the additional of PEG molecule was found to present similar adverse events in 

animals receiving unmodified rhIL-11. The preclinical study of pharmacology and 

toxicology of PEGylated rhIL-11 in rats and monkeys suggested that thrombopoietic 

activity and toxicity were due to prolonged exposure to the investigational drug as 

elimination half-life was 11.5 and 67 hours for rats and monkeys respectively. 

Toxicokinetics also substantiated a positive correlation between dosing levels and toxicity. 

Acute and repeated-dose toxicity were in particular manifested on bones directly, while 

these on heart, liver and kidney were due to consequences of fluid retention. In general, 

the N-terminally conjugated rhIL-11 was considered tolerable and effective in preclinical 

studies and thus is believed safe and effective in human subjects. The novel production 

of the investigational drug was also facile, scalable and economical, that in combination 

with effectiveness of the drug will bring the ultimate benefit to patients. 
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7.2 SUGGESTED FUTURE STUDIES 

 

7.2.1 Formulation study 

Chemical instability of rhIL-11 in solution has been observed as a result of 

hydrolysis between Asp-133 and Pro-134, deamidation of Asn-49 to Asp-49, and in 

addition, oxidation of Met-58,130 resulting in the product being stored as a lyophilized 

form. PEGylated IL-11 possibly exerts distinct chemical stability from unconjugated IL-

11 and is deserved to be explored using the preferred liquid form if chemical stability 

allows. Prior to the study, analytical methods capable of detecting methionine oxidation, 

truncation, and others shall be established in advance. Reverse-phase HPLC and peptide 

mapping coupled with LC/MS allow the identification and quantitation of methionine 

oxidation and deamidation. Size-exclusion UPLC and SDS-PAGE are suitable for 

detection and quantitation of truncation and aggregation. The chemical stability is to be 

examined in an accelerated stability study in an elevated temperature with a selection of 

lubricants, buffering agents and other stabilizers in solution. After screening, an optimal 

formulation component can be thus yielded. 

 

7.2.2 Studies for treating acute radiation syndrome 

To date, no medical countermeasures have been approved by the US FDA but G-

CSF and GM-CSF are procured for the strategic national stockpile in the US. A clinical 

trial investigating human efficacy for treating acute radiation syndrome is neither feasible 

nor ethical through current approval pathway. Alternatively, the regulatory approval can 

adopt the guidance of Animal Rule,131 stating that marketing approval can be granted 

based on “adequate and well-controlled animal efficacy studies” by extrapolating to 

clinical benefit in humans. However difficulties remain in designing a well-controlled 

animal model to assess efficacy because in a real event of radiation exposure, subjects 
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undergo different exposure conditions with a wide range of variations in terms of 

radiation dose and exposure time on different organs or systems.132 Hence various animal 

models such as rodents, canine, minipigs, or/and non-human primates are required to 

address appropriate system-specific efficacy.133 Besides, a clinical phase I trial is also 

required to gather the information of toxicity and pharmacokinetics in healthy humans 

that will be used to suggest a reasonable effective dose. 

An exploratory efficacy study may be designed with a mouse model.134 Eighty mice 

(male to female ratio = 1) aging about 10 weeks are exposed to a single uniform total 

body irradiation at a lethal dose of about 6~8 Gy on day 1, hopefully resulting in a lethality 

larger than 70% when not treated. Mice are randomly divided into 4 groups consisted of 

20 mice each (equal gender ratio). Medical intervention is subcutaneously administered 

at 24-hour post irradiation. Group 1 is the sham control. Group 2 is treated with a single 

injection of the PEGylated rhIL-11 at 0.3 mg/kg; while group 3 is administered with a 

single injection of PEGylated G-CSF at 0.15 mg/kg. Group 4 is a group of combination 

therapy, administered with a combination of PEGylated rhIL-11 at 0.3 mg/kg and 

PEGylated G-CSF at 0.15 mg/kg. Body weight and mortality of each gender are recorded 

every day. Survival mice are tail-bled for complete blood counts on day 0, 3, 6, 9, 12 and 

15 whenever possible. Morbidity is examined pathologically. The primary endpoint is to 

assess survival efficacy. The secondary endpoint is to evaluate the effects of 

investigational agents on platelet and WBC counts. 

Next, preliminary animal studies are to be carried out with irradiated mice taking 

different dose of irradiation exposure and different dose of treatment. The primary 

endpoint is to determine effective dose and the secondary endpoint is to yield a dose 

reduction factor (DRF) which is defined by the ratio of the LD50/30 (lethal dose that results 

in 50% mortality in 30 days) of the treated to that of the un-treated. Such an information 
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will be provided to design future animal efficacy studies in larger animals such as dogs, 

minipigs and/or non-human primates. 

 

7.2.3 Studies for treating inflammatory bowel disease (IBD) 

Inflammatory bowel disease is a chronic disorder caused by dysregulated immune 

response to host gastrointestinal tract leading to diseases such as ulcerative colitis and 

Crohn’s disease. Currently there is no cure and the management is hence engaged by 

treating symptoms using corticosteroids, antibiotics or immune suppressors. IL-11 is 

known to maintain epithelial barrier integrity and therefore may be used to treat associated 

symptoms and perhaps to prevent the occurrence of the disease.135 Several animal models 

of IBD, employing chemical induction, cell-transfer, congenial mutant, and genetically 

engineered animals have been proposed.136 One study design will be employed with 

chemical induction using 3% dextran sulfate disodium salt (DSS) to induce colitis through 

oral administration in an efficacy study. Ten mice per group, comprising 5 male and 5 

female rats are treated with the study schedule shown in Table 7-1. Body weight, rectal 

bleeding/diarrhea and occult blood in feces are recorded post-induction every day 

throughout the 10-day experiment. After necropsy, colon length is measured and large 

intestine is retained for histological evaluation. The primary endpoint is remission, 

defined by colitis scores such as blood in stool, diarrhea and colon length.
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Table 7-1  A study design for the IBD animal model. 

Group Treatment Dosing scheme 

1 No DSS on Day 0; no 

treatment 

N.A. 

2 DSS on Day 0; followed by 

saline solution  

Day 1~9 

3 DSS on Day 0; followed by 

sulfasalazine (reference drug) 

Oral administration on Day 1~9 at 100 

mg/kg 

4 DSS on Day 0; followed by 

PEGylated rhIL-11 

Subcutaneous administration on Day 1 

at 0.3 mg/kg 

 

7.2.4 Phase I clinical protocol for patients of chemotherapy-induced 

thrombocytopenia 

PEGylated rhIL-11 was found to exhibit an acceptable non-clinical toxicity in short-

and long-term studies, using a delivery via SC route in the present study. Combined with 

information of preclinical pharmacokinetics and pharmacodynamics, a single 

administration of about 2 mg is recommended for a cancer patient in future clinical 

settings to prevent chemotherapy-induced thrombocytopenia. Next, the drug shall be 

investigated on clinical safety, particularly to demonstrate whether it will elicit 

ameliorated adverse events associated with fluid retention, the most noted side-effect of 

receiving rhIL-11 treatment. The phase I clinical design for PEGylated rhIL-11 will 

employ limited breast cancer patients of about 24. The dose selection for first-in-human 

clinical trials usually employs the NOAEL approach, but biopharmaceuticals 

alternatively often utilizes other approaches such as the MABEL (minimal anticipated 

biological effect level), or the PK/PD modeling.137 The dose selection for PEGylated 

rhIL-11 however, was justified based on the similar drug approach, with rationales as 

followed. 

1. Repeated SC administrations of unconjugated rhIL-11 (Neumega) at 100 μg/kg for 
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continuous 7 days in healthy cynomolgus monkeys yielded circulating platelets 

about 120% above baseline.119 A human equivalent dose (HED) was about 33 μg/kg 

based on body surface conversion. 

2. Preclinical studies in this report indicated platelet count in healthy cynomolgus 

monkeys arrived the peak on Day 10~14 after a single injection at 100 μg/kg, 

achieving 115% circulating platelets above baseline. The thrombopoietic effect was 

comparable to repeated administration of Neumega in monkeys at the same dose.  

3. A weekly dose of 300 μg/kg in monkeys was able to yield a maximal pharmacologic 

response, while tolerable. A higher weekly dose may induce immunogenicity in 

monkeys. A human equivalent dose at about 100 μg/kg based on body surface 

conversion, was believed to achieve a maximal pharmacologic effect in human. 

4. The maximally tolerated dose (MTD) of Neumega in human subjects is known to be 

75 μg /kg.4 

 

Consequently, a single dose of PEGylated rhIL-11 was considered almost as potent 

as repeated dosing of Neumega for continuous 7 days in monkeys. Since the MTD of 

receiving multiple dose of Neumega in human is 75 μg/kg, an estimated MTD in human 

for a single delivery of PEGylated rhIL-11 might be also around 75 μg/kg. As a result, 10 

μg/kg of single administration per chemotherapy cycle has been selected as the starting 

dose for this study and will be escalated to 75 μg/kg. The dosing schedule will be one 

single SC administration on Day 1 post-chemotherapy. 

The study scheme was adapted from the phase I clinical trial of Neumega in women 

with breast cancer receiving chemotherapy.138 The proposed human trial is an open-label, 

nonrandomized phase I trial, employing about 24 patients. There are 4 sequential enrolled 

treatment cohorts of conventional 3+3 design at dose levels including 10, 25, 50 and 75 
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μg/kg. In prechemotherapy phase, the investigational drug is subcutaneously injected on 

Day 1, while in chemotherapy phases (Cycle 1-4), the investigational drug is 

subcutaneously injected on Day 2 after chemotherapy on Day 1 of each treatment regimen, 

followed by a 4-week recovery (Figure 7-1). In prechemotherapy phase, three patients 

(No. 1 to 3) are enrolled in the cohort of 10 μg/kg dosing level. A next dose escalation for 

another cohort (e.g. patient No. 4 to 6) is allowed based on adverse events seen in the 

prechemotherapy phase only. If one of the three patients at a given dose experiences grade 

3 or greater adverse events (based on the National Cancer Institute’s Common 

Terminology Criteria for Adverse Events (CTCAE) classification) in the first 28 days of 

treatment, an additional three patient are accrued to that cohort. Dose-limiting toxicity 

(DLT) is then defined as the dose which resulted in two or more patients with grade 3 or 

greater toxicity (Figure 7-2). The maximally tolerated dose (MTD) is defined as the dose 

level immediately below that which results in DLT. After completion of pre-

chemotherapy phase, patients will receive up to 4 monthly cycles of treatment at dosing 

levels administered in the pre-chemotherapy phase.  

 

                                                    

Day -14          1                   29 30 

|-------|-------------|-|-----  -----| 

Screening    Pre-chemotherapy C1D1 C1D2*           Final visit 

  

*  = investigational drug provided on C1D2 (Cycle 1 Day 2), C2D2, C3D2, and C4D2. 

= Chemotherapy received on C1D1, C2D1, C3D1 and C4D1. 

= PEGylated rhIL-11 treatment 

 

 

Figure 7-1 Proposed study schema for a phase I clinical trial. 
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DLT: Dose limiting toxicity 

MTD: Maximally tolerated dose 

CTCAE: National Cancer Institute’s Common Terminology Criteria for Adverse Events 

 

Figure 7-2 Schematic diagram of dose escalation employing conventional 3+3 

design. 

 

The draft version of phase I clinical protocol titled “A phase I trial of PEGylated 

Recombinatn Human Interleukin-11 in Women Patients with Breast Cancer Receiving 

Chemotherapy” has been completed based on the study design, as outlined in the 

following Protocol Summary. The clinical trial has been planed and is commited to 

commence after regulatory approval. 

  

3 subjects in a cohort. 4 cohorts. 

10, 25, 50, and 75 μg/kg. 

0/3 CTCAE≥3 1/3 CTCAE≥3 ≥2/3 CTCAE≥3 

Dose escalation Additional 3 DLT 

<2/6 CTCAE≥3 ≥2/6 CTCAE≥3 

Dose escalation DLT 

MTD: the dose 

immediately below 

that results in DLT 
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PROTOCOL SUMMARY                 

Title: A Phase I Trial of PEGylated Recombinant Human Interleukin-

11 in women Patients with Breast Cancer Receiving 

Chemotherapy 

Précis: The PEGylated rhIL-11, intended to treat chemotherapy-

induced thrombocytopenia, is the PEGylated recombinant 

human interleukin-11, whose N-terminal amine of protein is 

conjugated with a single branched polyethylene glycol chain of 

40-KD in size. Based on the similar drug approach, the study 

scheme is an open-label, phase I trial, employing 4 sequential 

enrolled treatment cohorts at dose levels including 10, 25, 50 

and 75 μg/kg.  

Objectives: Primary: The primary objective is to evaluate the safety and 

tolerability of the PEGylated rhIL-11 (the maximally tolerated 

dose) when subcutaneously administered to subjects with 

Breast Cancer. 

Secondary:   

* To evaluate the effect of the PEGylated rhIL-11 on platelet 

counts. 

* To evaluate the effect of the PEGylated rhIL-11 on the need 

for platelet transfusions. 

* To evaluate the effect of the PEGylated rhIL-11 on the 

duration of platelet transfusion-independence. 

* To evaluate the effect of the PEGylated rhIL-11 on bleeding 

events. 

* To evaluate the effect of the PEGylated rhIL-11 on overall 

survival (OS). 

* To evaluate plasma concentration of the PEGylated rhIL-11. 

Population: The study will enroll up to 24 evaluable subjects (3 to 6 subjects 

each cohort) depending on the toxicities and pharmacokinetics 

observed. 

Phase: I 

Number of Sites: One center 
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Description of  

Intervention: 

There are 4 sequential enrolled treatment cohorts at dose levels 

including 10, 25, 50 and 75 μg/kg. In pre-chemotherapy phase, 

the investigational drug is subcutaneously injected on Day 1, 

while in chemotherapy phases, the investigational drug is 

subcutaneously injected on Day 2 after chemotherapy on Day 

1.The investigational drug is given once to patients after each 

chemotherapy, followed by a 28-day washout period during a 

one-month chemotherapy regimen. Dose escalation is based on 

adverse events seen in cycle 1 only. If one of the three patients 

at a given dose experiences grade 3 or greater adverse events 

(based on the National Cancer Institute’s CTCAE 

classification) in the first 28 days of treatment, an additional 

two patient are accrued to that cohort. Dose-limiting toxicity 

(DLT) is then defined as the dose which resulted in two or more 

patients with grade 3 or greater toxicity. The maximally 

tolerated dose (MTD) is defined as the dose level immediately 

below that which results in DLT. After completion of Cycle 1, 

patients will receive up to 4 monthly cycles of treatment. 

Study Duration: Approximately 12 months 

Subject 

Participation 

Duration: 

Approximately 7 months 

Inclusion/Exclusion  

Criteria 

Inclusion:  

 Female adult subjects no younger than 18 years old with 

breast cancer either locally advanced (stage IIIB) or 

metastatic (stage IV).  

 At least 4 weeks from prior adjuvant chemotherapy with 

complete recovery. 

 Prior therapy with demethylating agents (azacitidine or 

decitabine), lenalidomide or IL-11 (oprelvekin) must have 

been completed at least 4 weeks before Day 1; 

antithymocyte/antilymphocyte globulin, intensive 

chemotherapy, or autologous/allogeneic stem cell 

transplantation must have been completed at least 2 

months before Day 1. If a subject must discontinue a 



Modification of Recombinant Human Interleukin-11 to Enhance Pharmacologic Properties and Therapeutic Potential 

 

303 

course of therapy due to lack of efficacy, the washout 

periods listed above do not apply (and the patient may be 

screened and randomized immediately if other eligibility 

criteria are met). 

 Subjects must have platelet count and platelet transfusion 

data available over a period of 4 weeks prior to treatment. 

 Subjects with advance tumors must have stable disease 

indicated by a doubling time of absolute peripheral blast 

counts > 7 days during screening. 

 During the 4 weeks prior to randomization, subjects must 

have a baseline bone marrow examination including the 

following:  

i) cytomorphology to confirm bone marrow blasts 

between 10~50%.  

ii) cytogenetics (provide only most prevalent abnormal 

clone). 

 Supportive/palliative therapies such as cytokines (except 

for rhIL-11; oprelvekin), valproic acid, all-trans retinoic 

acid or mild chemotherapy are allowed if part of the local 

standard of care (SOC), provided those therapies have 

been stable dose for 4 weeks. If the subjects chooses to 

discontinue these therapies prior to study entry, she must 

be completed 4 weeks prior to enrollment into the study, 

unless the therapy is discontinued due to lack of efficacy. 

Erythropoiesis-stimulating agents (ESAs) in anemic 

subjects or granulocyte colony-stimulating factor (G-

CSF) in subjects with severe neutropenia and recurrent 

infections are allowed during the study as per accepted 

standards. Subjects who enter the study on ESAs or G-

CSF should continue the same dose schedule until the 

optimal dose of the investigational drug has been 

established. 

 Eastern Cooperative Oncology Group (ECOG) status 0~1. 

 Subject is able to understand and comply with protocol 

requirements and instructions. 
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 Subject has signed and dated informed consent. 

 Prothrombin time and activated partial thromboplastin 

time must be within 80 to 120% of the normal range at 

baseline. 

 Adequate baseline organ function defined by the criteria 

below: 

i) Total bilirubin (except for Gilber’s Syndrome) ≤ 

1.5xULN (upper limit of normal); 

ii) ALT and AST ≤ 3xULN; 

iii) Creatinine ≤ 2xULN; 

iv) Albumin must not be lower than the lower limit of 

normal (LLN) by more than 20%. 

 Subject is practicing an acceptable method of 

contraception. Female subjects (or female partners of male 

subjects) must either be of non-childbearing potential 

(hysterectomy, bilateral oophorectomy, bilateral tubal 

ligation or post-menopausal > 1 year), or childbearing 

potential and use one of the following highly effective 

methods of contraception (i.e., Pearl Index <1.0%) from 2 

weeks prior to the treatment, throughout the study, and 28 

days after completion or premature discontinuation from 

the study: 

i) Complete abstinence from intercourse; 

ii) Intrauterine device; 

iii) Two forms of barrier contraception (diaphragm 

plus spermicide, and for males condom plus 

spermicide); 

iv) Systemic contraceptives (combined or 

progesterone only). 

Exclusion:  

 Subjects with a diagnosis of acute promyelocytic 

leukemia. 
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 Subjects had radiation therapy or surgery within two 

weeks before the study. 

 History of thromboembolic phenomena. 

 A contraindication to delaying chemotherapy for 4 weeks. 

 Receiving treatment with corticosteroids, aspirin, 

nonsteroidal anti-inflammatory agents, or anticoagulant 

drugs. 

 Pre-existing cardiovascular disease (including congestive 

heart failure, New York Heart Association Grade III/IV), 

or arrhythmia known to increase the risk of 

thromboembolic events (e.g. atrial fibrillation), or subjects 

with a QTc > 450 msec (QTc >480 msec for subjects with 

Bundle Branch Block). 

 Bone marrow fibrosis that leads to an inability to aspirate 

marrow for assessment. 

 Spleen size > 14 cm (length as per ultrasound 

examination). 

 Leukocytosis ≥25,000 /μL prior to day 1 of the study. 

 Female subjects who are nursing or pregnant (positive 

serum or urine β-human chorionic gonadotropin 

pregnancy test) at screening or pre-dose on day 1. 

 Current alcohol or drug abuse. 

 Treatment with an investigational drug within 30 days or 

5 half-lives (whichever is longer) proceeding the first dose 

of study. 

 Active and uncontrolled infections. 

 Subjects infected with Hepatitis B, C or Human 

Immunodeficiency Virus (HIV). 

 Subjects with liver cirrhosis. 

Active Ingredient The active pharmaceutical ingredient is PEGylated rhIL-11 

with a specific activity at 1.0~1.4x106 U/mg, which carries 

approximately 12~14% residual bioactivity of the unmodified 

rhIL-11. The addition of PEG moiety onto rhIL-11, in 1:1 
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molar ratio occurs at the N-terminal amine at a high occupancy 

of 81~86% with the remaining conjugation site(s) at Lys-41 

and/or Lys-174. The drug product is 2 mg/mL PEGylated rhIL-

11 formulated in phosphate pH 8 buffer containing 0.3 M 

glycine. 

Safety Analysis All subjects who receive at least 1 dose of the PEGylated rhIL-

11 will be included in the safety analyses. Treatment-emergent 

AEs are defined as those AEs with an onset after dosing and 

those pre-existing AEs that worsen during the study. The 

CTCAE criteria v4.03 will be used to grade severity of the AEs. 

The incidence of AEs will be summarized by dose. Adverse 

events will also be summarized by severity and relationship to 

study drug. Subject incidence of SAEs will also be displayed. 

Laboratory parameters will be summarized using descriptive 

statistics at baseline and at each subsequent time point. 

Changes from baseline will also be summarized. Vital sign 

values will be evaluated on an individual basis by subject. 

Abnormal vital sign values will be identified as those outside 

(above or below) the reference range. ECG data, PE findings, 

and ECOG performance status will be tabulated for each 

individual subject. 

Statistical 

Methods/Analysis 

Sets 

Statistical analyses will be reported using summary tables, 

graphs, and data listings. Continuous variables will be 

summarized using the mean, SD, median, minimum, and 

maximum. Summaries of pharmacokinetics parameters will 

also include the geometric mean and the coefficient of 

variation. Categorical variables will be summarized by counts 

and by percentage of subjects in corresponding categories. All 

raw data obtained from the case report form/electronic case 

report form as well as any derived data will be included in data 

listings. 

Sample Size 

Rationale 

The number of subjects enrolled to the trial will depend on the 

toxicities experienced. Based on the planned dose levels and 

the number of dosing schedules to be explored, the trial may 

enroll up to 24 patients. 
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